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. k . 





•• ;-^OTESf>|RiORvraE EpITOR 



^^w/V i;i : -a jfee-lln9lAssue^£.VpiOTe'7 .contains four studies classified as 
If f - • relating, to science* curricula, four Studies about learning, and' one 

report on the evaluation of *an instrument designed to measure stud^nt^ 1 
^ c orientation toward science. * * . , • ♦ : 



Three of the curriculum studies % each relate to\a specif ic ' curriculum 

<\ .. , * V\ / - ? .o _ / ■• . . 

project or course. Charles,. investigated the^Nuf field combined science/' 

,\ ■ 'V * - f * ; " 'V •* ' ' 1 ' " ' / ' * ; 

course.; k$?kle and Capie evaluated a course entitled Physics 'for Elementary 

Teachers. Whittaker looked at Science 5/13, a British primary school 

---'.•*.. j0t 

science curriculum. The fourth study > by Novick and v Menis, was placed in 

\ * • * « 

this group not because % of the topic, investigated (Israeli pupils 1 jmder- 

standing of the mole concept) but because of the abstractor's, remarks 

' ' ' I ' "■ * • 

about the necessity for knowing 'more about the curriculum. withiW whiph .the 

concept of ttie njole was presented. 

One of the four learning studies, that by* Shyers and Cox, is yet. 

another investigation ofPiaget's ideas df cognitive development: the 

- . . ' ■ \ : , , F * 

concept of proportionality as held by colleg?, students. The other, three 
eacfi^relate to V different learnings theorist. . Beeson^or£ed i/ith G§gne f ;s , 

I'*?; ... ** .* learning hieracbies as these, relate to learningiabbut electric citcuits.. . 

f^:M^' : ^i-i -.' . ' . '.' •, ; ' ■ '' ■'•V*. - '• . 1 

M«V- . " "'■".Ukens -and -iferrifield'-used'. ^H£ord?ja Structure ,qf the Intellect model with 

^f¥^v : ^- .„'v -V* • 7 ". -'V& V ^V: * ' w - \ 

v^tSft*.* 1 * ^ nfibvc T^av»«-f«o dont<on>0 . MnrrAv .looked . at coenitive structure 



7 



J. u :tf ^FES^ Murray looked .at, co^itive structure 1 . \ ^ 

college biplogy*;. - , tX : • .^j > w - 




investigation I by; flof st^in et kl, 



Test of % Interests .i/and instrument 
i students and with Israeli students.'^ 



r J? 



" • ChkriW, B, J,/ ! huffieia\6omb^ea §cience--Aa*.Evaiuationr/ f Rehgol] Science - 

Ttevlew ^ 58(202) : ,129-134, September,; 1976 . , \ ^ ~ "t 

/Descriptor s~ Course Evaluation;- *Curriculum Evaluation;, *Educa- . 2 

. ^tiorial /Research; Elementary. Secondary Education;* Elementary Schodl \ % *. * 
t - . ^Science; *Evaluation; Science Education* Secondary School 'Science - „ 

^Expanded Abstract and {Analysis Prepared Especially" for I,S.E». by 
John E, : Lutz, National Technical .Institute fox the Deaf and >Rochester ' 
Institute of Technology; * 1 



^ * - -- -- - ' . * 9 

^ Purpose • As . . • ; 

The aim of this study is to address two questions dealing with the 
Nuffield combined scieijtce curriculum at the Exmouth* School in England i / 

1) Hdw suitable is the Nuffield combined science course for 
' ' students aged ll-13"of widely differing' ability? - . 

2) Is it really excellent education in and through science or 

. * . . •.. ar . • - 

, * \ just expensive enjoyment? * , 

* 1 ... ' * • * ' .5 

' 'v. 

Rationale * 

* • 

< The Nuffield combined science curriculum, according to Charles ,» seems 
more appropriate for students of above-average ability • This study ^ 
intended to check the claim that it can be adapted to students ^'with'the • 
whole .range of ability." - ^ , ' 1% 

• , * * V- ' , ^'>* 

... w> 



f^!^' ' - ... / * E^luation Design aiiH Procedures ? \ - ' 



... _ , , . . 



C ?v ^ * ' : *w 6jfti|ries, 'presents- ;an, informal- pyalual:ion model—identify ideal' science 

, . "skiiisvaxid att^tiud^^reiat^ skill 'arid attitude emplhases of the curriculum. . 
Cr^ to the ideals t and. assess, ikill and attitude change resulting from . the ' . 

! . ; ^ \ ;curricullim^ -Fbiir activities Represent the evaluation procedures.: - ' 

^VSr-^. , /v.! :V *' ^ ft. „ . v. • - 

rlV , staf f^discussion,;to assess desired content, identify difficutfc: 




^ * * » 



2) ' v a' staff questionnaire to appraise resource ^materials and 
. skills and attitude training; ' _ » . 

3) a student gjiestionnaire to, determine intt^ist-,--difficulty, * 
and enjoyment of each unit in the course; a* 



4) coded respoiise tests to assess student skill and attitude, 
attainment* . 



y 1 



Findlngs 1 \ * * „ . ' , * , '' 

^ ^ ^, 

""Several findings .are mentioned in the report: 

• The course had the- desired content; difficult concepts and 

, * ^ v 

i skills were identified; and parts of the course -were found 
- *< to need structuring • ' 

V - „ •The Teacher's Guides yere rated as good; ^and a wid^variety 
of instructional approaches were reduced* - ' , 



4< : 



• Growth and reproduction units were most popular; energy was 
least popular; and student activity books were.npt .as hel&- s 
ful as expected, > < ^ 

• A large proportion of course content was judged suitable 

fofc a -.wide ability range, but students at the ext«%'es- of 
* * • -* - - ■ / 't*^'\^\ * 

the ability range became increasingly frustrated 

' * • • 
second year of 'the course. 



the 



Interpr^tatfidnsfr:; 



^wCharle^^^ of the Nuffield: combined science course 

is ^botfe suitable and. good "for^appjpjdmately.. the .upper 75 percentile; of 




?, ' .... . . ^ „ . .... .... * . . . a . . ^ ^....^^.i^ ^.A .. _ _^v_^_ _c .r . ■ ^ .» - — - ... — >._ . - — .... >*, ...... «^ j 



< :*7i 



^ . The* adequacy of evaluation can bfeiassessed by answering the follow- 

lllK.' - ing. question, a modification of the ^valuator's Question originally posed \ V 

^ 4v • " • by Lindvall (196$) : . * ' , , >;/ 

" -J ^ * * • 1 ■ 4 * . .: 

toes, this innovation , in our situation and afe determined by our ^ ' V 

i _ ^ means o_f appraisal ,, do what is 'desired better than alternatives? • ' j 

1. Innovation refers to what is evaluated'. A description of the imple- f 
' ' ' mentatipn, content^ -resources, and presentation modes, for example,, *\ 

; ^provides the basis, for an understanding of what is evaluated. The 

- only descriptor provided by Charles is "Nuffield combined science/ 1 ' 

* ^ To many science educators, this identifies the general .content but 

. * to many others, it does not. Furthermore, nothing is* said 4 about the 

adaptations required by the school during their .adoption of -the pro- 
* * * 7 * * * *> *• 

. gram. " Seldom, is # a general/ curriculup~program Successfully-adopted- - . 

. ■ * • - * - * 

m \ j^jrithout changes: made to satisfy the unique neeflte ^sfcd resources of 

. individjial schools.; *Thus» we have a general idea of what was 

• • '. r . * " 'evaluated, but -^e don 1 1 know its specific operational parameters. - 

2, The situation refers to generalizability. A description of the 



envi^onnient- in which the activities tajce place- is needed to. form 
- the basis 'for comparisons to. other schools interested in or using. 



/2 

1 ~ J 1 ( 



the program. Staff disciplines',, lack of "creaming," and proportion 
of . attendance at direct grants schools in Exmouth f s catchment area 
are mentioned, *but^btKing is o*ffer6d .tp . .describe studfent character- 
• / is tics,, funding ,, ;teacher /reiat 



- :\ "J /-iraining pr : ^ent^c6M^ collaboration. Unless we.have a ; ' 
/ * ; *Cp^8bn^L Tteo^le|g^ j^^can*fr generalize tte ' 

H^r;//T >Y ; J^i^jb^ls^o^thlss tfeaittlttloh to others schools .witlxout: .knowledge 

" i '\*j^t^v:£OTiro^entai Situation./: ; " • " • 1 ^ 

I/I v ' " .t^?v*. r*" ;o^>-C^"T«- • ^ ^' 

r'X ! v T , 3 # \ The m^ans: of app r€isaii. refers, to the, evaluation TOdel, ; its obj^cgiyes || 

|v- s .'.i . a«4f BrdcWs;.< * 

' -v. :uat^idet^coiiI^^ M/^jectiVies-re (the ; \ . >*5 

- , ^curri<m|^l9^. ^8j^3<^[; .jskiil and attitude changes in participate 
§£to"^S \ evaluation model,; sucfi 

/ ^'o-'V**^. V*%^. ' ' 1 , ' : j - <y C.v' ; ''^ * /j > Will* v 1 ^ - • ^ 



,#c ; %^*"* ^ ^ -* *? its a control group design or special regression design, however, 

would -be more appropriate. It isn't clear what independent varia- 
bles, are, ixicluded or what the dependent variables are in the 
report , v 



4. * The .what of the Evaluation Question is an indication of the success 

of the innovation. Is the program suitable? Is it excellent? 
- Suitability and excellence, assumed to be- the two primary dependent; 
\ vaSiafeles, are not defined in the report. Specific data on student 
\^fchievemerit stratified *by age levels and ability levels, are lacking., 
Teacher and student ratings are not standardized to any normative -t 
respond base (perhaps satisfactory or good ratings represent lbw / * 
percentile rankings. in a normative .(distribution) I Statistical • 
analyses are missing — only, sub j ective data from discussions and 
•~ * questionnaires* are provided. The report includes little information 
? upon yhich to determine what actually happened in the program. 

■ " ■ • « ■ ■ ' * A 

5. The bettfer »part of -the question also refers, to, success,- but is 
^isp^cif ic * to the leyel of success. It deals with the relative degree 

. 5 ^of accomplishment. How suitable is the program? . How excellent is. 

4 it? Since actual success hasn't been adequately documented, we 
- * * *« 

can^deal with level or , degree? . ' • * 

u - ( m . 

v 6. Alternatives are other activities, programs, or improvements in 
_e&isting curricula. Charles does not deal directly with .this. 
There seems to be m6re interest in confirming or validating the 
use <?f Nuffield combined science in the Exmouth. School than in 
4 * comparing its xuse to alternatives. % . ' *V * « 



' ~4 



> v^" Overall,. I tta disappointed with Charles* report. 4 An eval'uatpr should < \) 



^/ ^ be Elective,., yet ^Charles" indicates a favorable iiafe toward th^ curriailum ' 
iv ^ ^ > ^;^th^ &^ my .yiew iaf weii wprth itV) . Little ' ^| 

T ^ *" ^iSfbrma^op is provided; to adequately descril)^ the, ^evaluation and its." 



im^i^nta^pni. arid,, theftrefore,^* the Evialuatp^sJ^uga^ 



answered. The evaluation process may have been adequate to deal with 

specific* local concerns, but I reluctantly suggest the report is inade- 

* * * * *• " 

quate as a contribution to the professional literature* 



5 S$>*- Tf 
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* Purpose ' 1 f 

The purposes* of this report wefe to describe and' report on the'eval- 
♦ , - uation of a cop^se, Physics for Elementary Teachfefs, in the areas of 1), 

understanding selected physical concepts, 2) understanding the nature of. 
science and science processes,' and .3) attitudinal changes ' tottard science 
i * as a result o£ the course. Physics for Elementary Teachers, is described 
only.as a sel/£-paced, ^ctivit^btietnted course. Its is, ljkwever, foo't- 
noted in -another journal. ^ /. i ♦ * * 

Rationale. ^ • - 1 * ^ 

■ The Coipmi^ion of Science Educati6n of the American ^Association for 
the Advancement of Science in a preliminary report" identified ,31 compe- 
' t;encies needed by elementary S5Qience teachefs°. fhes^were classified inter 

^ . fi^e categories: scientific inquiry, attitude toward science, processes ■ ^ 

. * •• j '* . , '**^' ; . . . * . < "V- * v * ; 

of science, scientific, knowledge,, ancT continuous learning. w ^ 

. /. Previous science edu cat ion|reseprch has shown relationships, betijeen 
teachers! knowledge and attitude^ and .1) ^effort exerted to tfeach science, - ° 
.and;, 2) teachingrstyle. This sjtuqy states that ^course evaluation, sliould 
inoJLude three components:. * 1) content onei,;f|2) *a process one* and^S)^ 
4n /attitudinal one. f This fitE v nicely into ;whal^\ previously cited research - \ ; : 
has^^r^Rorted; /\ ' > ^ . ^ * : 




jfe'. - . - DaaaarnK nmslm and Procedure J -*** „ . 



Research Design and Procedure ... Jtf 



' * \- , Three components 6%the;r£0urse, Physics for Elementary Teachers, were 

; - > , ' evaluated utilizing the one/ # 3rou0jiretest:--post:test design. The component 
$L ' ^understanding selected physics concepts" was evaluated by using 3 44-item 

, multiple choice test developed by the authors. Content validity for this 

test was established by members of the "physics department and science . • 
..education department at the University of Georgia. The KR-20- reliability 



estimate of this test was 0.73. 



The component "understanding the nature ojf^science arid science pro- 
cesses" was eVjiiu&ted using the Wisconsin inventory of Science Pro cesses 

• , . ■ : — : ^ 5 T/ — = 

(WISP) and the Welch S6ience Process Inventory (SPI). Validity of these 

•• . ■ ' / • * 

two wer¥'^determiiied in earlier studies. KR-20 reliability estimates were 

0.82 ; for. the WISP and $.79 for the SPI. . 'i 

The, component "attitudlnal changes toward science" was evaluated 
usictg^a^ub^ect preference survey. Six science and four nonscience 
su^l^tta were paired^iri all possible combinations and the students 
circled their preference. * Validity and reliability stroements concerning 
this measure were also used. 4 v r 1 



, Each of the above evaluations was given as>.a pretest and again as a „ - j 

^ % pQ st test*. ;Ctorreiate4^rYaiu^ differences in-indiyidu>l scores were * 

* c w Ithf^ axfalysi^ jiS^d with .the ^irst VMiable,\co.r^^Lated t-values for 
l^i ; - - : matched cases were used! loathe, second vatiablie^ and ttV&lues for matched 

lVv<'^ ^ >^icote8 welre * used ^f o^th(|gtliii3di ^yariable;^ - ^Uv V .*'— - ^ 

- - , ^e evaluation ofv ^ •;) 
fe / • i at th^ Unive^ity. of Georgia.' inlbwctors ft>r the courses. wiere not £ _^4^ 

^^'U^;. ^- "h % ^^^?; : ■ * >' >W ^ .' ;; ' ; r :, 

" /W . x « in addition, to the; aWve jfhree variables,' the authors ported some \$ 
* ^diti6|«^ perceptipns. of the^ours^ Physics 




For thevariable, understanding selected physics/concepts, i th6 

average gain from pretest to post test was approximately 1:2 points ? Snd~ \. 

the correlated t~value for differences in individual scopes was Signifi- 
es, • ft . ' % • 

cant beyond the 0.001 level. 



dividual score 



For the variable, understanding the nature af science and science - — 
'processes, the mean score increased by 6 points on the WISP and 5 points 

* o^ the SPI and the correlated t-value for matched cases was significant 
bfeyond. the ft. 05 level for both tests/ * ^ 

For tHe variable, attitudinal changes toward science, the t value 
for matched scores was significant bfcyond the 0.01 level. Also, student 
reactions to the course showed the course ta be favorable, beneficial , v ~ 
worthwhile, discovery-oriented, understandable, .effective, and useful. 

Interpretations 

Results of the evaluation showed that this self-paced, activity- 
oriented course increased content knowledge, increased the understanding ; 
' - . * ** / - 

* pf the natute of science and science processes, and improved the atti- 
tudes, of students toward science. Evaluations of ' this type could serve N 
as. a model to help identify strong and weak points of other science > 
courses- for prfesfervice elementary teachers. ' 

^ V* ■ w-; iV > . > . 1 .-y .*t^ij> 

* W< >. V . ABSmCTOR^S ANALYSIS J.' * * „ 4fW^^^fe- • 1^1 
\ r ' * * • • ' "* ^^^^^^ . 

Frequently courses are given with little regard to their effect pn , 4 
variables such as understanding of soignee processes and attitudes toward 

science. ;Such courses, .aire uswall^ evaluated concerning only the knowledge \ *^.^:; 

of concepts developed. s This.research report providedv^a model by which^ J^^£° 
. other stich courses for preservice elementary teachers cou^^ * 

^egar^i^ the yafiables> : of knowledge^ but alio..; the variables of * ^ {l;- 

t^Ki" /,; ^ ^9^!^^^: ^f 1 !: ?®^? t Hf99' e SV ^P9^8b >i^ to allpv m .~ w ^ 




4. 



other science educators . tof do likewiseVv Ode gets the feeling, while read- 
ying the .report that the evaluation procfesa^was not- overly time-consuming.' 

This lends credence to having a.ratfier comprehensive type, course evi^Lua- 

" t. v, * ■ "7 . . % - ' - " ' # : • %tr ■ ; 

tion,of this?:Sort4 , ^ 



' There are spme data which would have been helpful :"if reported, 
especially for researchers :intertest?ed in the ,l high mar^s" the course • 
received. For example,- there are other physics- courseis 1 at the University 
^of Georgia for preservide elemeritarj^eachers. Were they evaluated using 
the same methods? Were the students jwfio enrolled in t\ie evaluated course 
selected .in, any way?, Was the course elective? How many credits was it? 
Granted, these questions are probably of greater concern to the science ' 
educator- attempting to p.ut theory into practice rather ithan the science 
educator lii.t erested mainly in" research, that is those iritexjested more in 
the coursfc than in the evaluation. . Very little informktioti is ^given con- 
cerning the course,, although it has been written up in another journal and 
.referenced in this report/ This is understandable in this type of journal 
since, the focu? of the article is on the evaluation process and not on 
what was being evaluated. I would imagine 'there is mucli more to the 
f? € course than being simply self-paced and activity-oriented. . How rigorous 
is the^courge^ What types'of grades were rdtieivsd by the students? 
'would' any self^paced^ activity-oriented course fare as well^' 



it is easy to question the number of students involved %^th- the 
recearch. /-The cpntent, exam was- administered ^ tp students, which, spread 
over thrTO q^rters, averages l^ss than 12 students per class. The WISP 
was given to only;^ stfedent^ was given to 24. Y Nb mention 



made of this r:;di8^^4^^-'^/^!!^^ r8 ? r °^ ^e significance Qf. the 



is 

> n;4 i 1 class -sizes.*/ ;Que£tions woulcl also have* to be raised regarding the 
deitign df/the study>if the authors were 'advocating the course being eval- 
t^ted^ :,a^8ie;q^t:^%;&|^5Q% littie / significance when one realizes that 
the/^nctiohTof * the re^rt' is;vto share a mo del^of ^course evaluation, and 

no fi tktb/d^e£if}^ . : 

bhe apparenj: 4Ej^ojgrM&ifai error exists When *the. authors describe 




v>?.v 



|6je, authors do an excellent job,. id developing thfe resear<*h rationale ^ | / ^ 
and are apparently 1, research wi!se n .. in repprting their stuciy. ; , /V'/*:^ 



^ . «; How helpful this' type of. research would be t6 othets depends upon, 
whether researchers want to use the evaluation model developed for eyal- . 
i uating their course^ (very helpful), of if tliey warit to compare courses 

(not very helpful), or if they want to develop a similar type course (not* 
■ ; very helpful) I , * " / 
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• „ -Hovickv^t^nd J. Menia* "A^Stujdy of Student Perceptions of the Mole \ 
"V \ . *' Corice^t, tl Journal of ^Chemical Education, 53(11):, 720-722, 1976. 

^. > £ " Descripftd^^ Cognitive . /s4 

» "I if./";* .Tests; *Educafcibn&l 'l^^np^^Scientrtf^c' Concepts; Science 'V? 

M '' * Education; Secondary Education; *Sefcotidary School Science 

Ei^and^d^abstract ;and analysis prepared especially for I.S.E. by 
v " Elizabeth Kean^ University, of ^Wisconsin.. - ' 1 \ • 

» • > - ;■ - * • ■ " • 

• . 7§t/^ • 1 x " 

Purpose % 



ffi/*'-^ i*> * \ The* stated purpose of this study was to Ifearn the nature of some 
'tg t '' m Israeli high school pupils' understanding of the mole concept, as 

1* r $ a result of. their study of this confcept in courses produced by the 

/ . . Israeli Science Teaching, Center. ] < i 



Rationale ',. ^ *. . 

^ ^ *' • • ' . 

Since the mole concept is central to comprehension by students of. the 
interaction between microscopic -and macroscopic interpretations of 5 



I 



fc ^ e v P r ld, it ±s important that they learn this concept well. Previous ^ ; *. ^ 
/• - analysis o£ thi!s^concept and , some "experimental* studies, as well as the^v 1 *^ 



} /; v . authors' own p^rsbnal experiences, have" suggested tha^ the mole concept . \ 

. , ^ ' tad: its application 'are inherently totf~difficOl.t f or the "average 1 -' ; / 

I r . . l^year 6111. The assuinption apparently is made that if students do; /\ 

C/ not: succeed in leara^g-\th^ rnolef concept after it is introduced in , ~ #; \ 4 

' their courses, that "the failure to lea^ is^a^rekulfc^b^ tW%iherent tv ^ " rr*~* 

/"•. ^ d^ftcuXty q$^te l -' T " : 'J*' ■ V^4i 



; Res ear ch' jDes ign ^deprocedur e 
;: "'"This investigation sought \ v tb. tkncover the nature^ of students/ learning^ 



■ ■ v ' ^ * 



of v the s©6Ie concept after; their ^xposuffe .to a particular; ;leapiinj| w;:^ ^"5^4 
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Y v - 1 •■• • . ". • lt\ 

. Instrument, Anl interview instrument was designed to test students* i x 

knowledge of i6Hunid^tified) cognitive understandings and skills'. if : 
... : subsumed under the heading; of the- mole cpnfcept. In the article, * 

the 23 v ^uestions of 'the -interview* instrument were sorted as fceltfug- • ^\ \ x 

— ;* ing to six major categories. * Only, three of the 23 questions were . ' 

v *\ included in the article; the< others were not further described. / I 



Questions for' the_ instrument weife generated after analysis of an *. . t 

uridescribed multiple choice achievement test' administered to an 

> * < r ' * *• * * J 

uhdescribed pilot group o£;15Q. students. This test apparently 

v - 'l ' . • / ' "w * 

covered the mole as well as other content in the Israeli Science 

* * ^ • * | * . . * -fr * (* 

Teaching Center curriculum. In addition, the authors developed'^ a * ^ 
"Gagne-type" analysis^ of-concep"ts and skills needed . to solve a ' M , * " v* 

"typical" stoichiometry probletn. the.prbhedutes by which questions- 
: of the interview instniment werel generated from. these preliminary 
activities were not specified, the instrument was pilot-tested with 
f*t!^ (und^scribed) students and subsequentl^^revised, . I 
; "' ^ \ : \ V * • - , ^ . ^ 

Interview Procedures > ' A single interviewer (one of the authors) 
apparently . interviewed 29 Students (tlie -nuinber 'of studjents had to Jje^ jjk>^ 

. ascertained by counting responses to ques£ions as t&^ofted" in the' ^ : 

* '/ > *" ' "V* ' " •« • • v.^ . . w4 

article). "Not all qluestions were asked of ^11 pupils. ^The basis 

* . . ' **V - , * ■ * ■ . ' u * ' - ' \ 

for deciding which questions were to be asked of which -students, and 

♦ * " ' " * \ * : * - * • ,i \ ' 3 *" - • . • 

~ T ."v the mean number 7 of questions, asked were not reported. # . The inter- 

f> i . viewer rephrased questions' to -students to ensure their understanding , . 

FlS-vlr*' of the intent of the: questions when this seemed appropriate . All 4 * 

IS— • * " students^ were given an. 1Q test the" day before they were individually 

V^Vr : * Interviews ;w6re taped; tapes -were analyzed by Assignment, of student ' ^ 

% %\^^^^ ani5wer : ; specific 

* ,V ^« ^PS8 ^ answers; "don^t know") . Tt 

: * wAs /riot .specif ied;^he.ther ,thie 5 categories* wet:^ determined a priori or _ 

^werewgeherated^;du ; . 



The description and location of the school* blesses from which students 
were iiitervlewedV^he precise age of students 9 their previous science' 
background?, selection criteria for students, tffe time of yearyidura- 
tion of the interviewing process for all\ Students , the mean length of 
the interviews, ^fhe time between Interviewing and student^ exposure to 
the material, the'najture of the teaching process by which students 
were expected to learn the. mo 1^ concept^were not specified in the 
article* . \ \ 



Findings . - > 

A 0.69 correlation .was obtained between IQ test results ai^ percent 
score on fcMe interyiew\instrument. However, since not all Students 
were tested on every question, it Is unclear how the mean (percent) 
was obtained* Some possibilities include: number of correct 6 items 
per total number of questions or* total number of questions asked;, 
number of correct cognitive understandings and skills .per total 
ntimber of cognitive understandings and* skills, etc.. 

Students were brok€n out into three gr^jipe on IQ levels ; 7r-85 ;* 86-100 

122-123. The latter group may represent a typographical error or -may. 

** ' * ! %0 ' • - . 

represent a very small group with *£ limited IQ range. The, number of. 

* * - * »'"»'•.. ^ * ■»*.•. 

students in each group - was not reported. Mean IQ for the entire 

sample and standard deviation were not reported; 

Three of the nine quest ions v dealing with "mole *def iij^lon 11 and student 
responses; to them were rc^^tedTlft detail. The authors, speculated;. ^ " v 
upon* theVsources of student "misconceptions; 

; « ' . .•; / - , , f 

The authors 1 analysis of all interview responses reveaied three, main 

/. : " 'v"- - \. ■ . > \, *■ \. /" . 

misconceptions: ^ - • . , , \ . % 



^ 1) /the mole is a, certain mass .find not a number $ 

2) , the, mole is a certain number of particles of' gasr; 
\\3) : ih^mdle-3i8 4^1>ropei:ty of ^molecule. 




* „ ^Iriterpre tatibns * - 

* r . ilth^authors ^pecijiated briefly on the sources of the first two misconr - , / . 

'cept ions* that arose from the curriculum. They then concluded^ that the 
result* traced to support the the&es that most 15 year olds in Israel 
do not sqhieve a- "coherent" understanding of the mole concept, and * 
cannot effectively .use it to, solve problems. t^ey^«!P^tively con-* 
eluded that results indicated that many students do not function at 



the cognitive level appropriate f 07. such concepts.- They al'so stated 



' . * «that a simpler and less inv.olved treatment of this eomplex subject , * 



might result in less misconceptions. 

• •• \ 



1 



ABSTRACTOR'S ANALYSIS ». 



The procedure which'TEhe authors devised apparently enabled them to 
pj 1 ^ ' define adequately the dc>main of . the moleV^ -The interview was actually 

$^[>^~ a verbal, achievement test designed to test whether students had 

^ . acquired the -various parts of this concept. 

ivC' By using an interview technique to probe. students* acquisition of .the 

. ' mole concept, the authors avoided confounding results because of 

;v differences of student reading levels, and a host, of other semantic ^ 
fAfctors. When students did not understand a question, the interviewer 
n f cbuld rephrase until the student perceived the intent of the question. 

j*eV v - ■ . - • * 



On the other v hand, this process* did erode the ^standardization in test- 
,in^» . Given *tte ^ on how^student responses jrece 

thfe effect 



Pprrect or! f in,correct 9 ,'- it is impossible to judge 

f : r ! • - " of, '.^tfiia " : ltekt«b£ standardization. 



Thi8/is a study^which measured" the degree of learning of a concept. 
. ..^ik^ieiifilq^; IhoOld^be asked: What are t^e reasons why students * 



iaf ikd^t^ 1?,?^ the introduction r 

^Jy : ^ % T* n f: -tod conc^ there are three possible pauses: ' • /« .. . 

5? : W'YV*/* ; ^tud^ of presentat ion of the conc ept^ 



The criteria for characterizing levels of difficulty of subject matter 

^re ili ^defined; What makes- a concept, difficult: Tabsiractness / &ck_. — v 
of Perceptible examples, number "of interfelated-s^b^rdinafte concepts . 

make . tip the concept?, tjhe^e is a large body of laboratory-based f : 



.research on^coiicept formation and concept learning , but, itt^genexal, 

* there is aJaSo! theoretical constructs which wetxld enable (Hie to v 
say unambiguously and, with ease which concepts are inherently more 

N * difficult than others, and' why. * * 0 

< * . - - -t * . % 

* • V\ . . ■ , . • t . 

. , The invocation* of Piiget;tan terms "to explain why students did not 

learn the mole concept implies that* 'the lack of learning was related * 
to the developmental level of students. The^formal operational stage 
of* development is Characterized by the ability to erfgage in hypothetical- 
deductive reasoning. The ability to ddfthis type. of reasoning is # 
evidence that: this stage of development, has been reached. However, 1 the 
converse is not necessarily true. It is not certain that if Students 
do not exhibit this tj*fe' of thought process or' do ndt afequxM formal 
concepts * that the . problem lies- witsh • their "development Al level ;\* It may - 

\ be that they lack certain background inf ormationTthat prevents them : 

from learning such material + or that they are being/requirecl to iearn 

• . material so rapidly /that they, do not have &n opportunity* to internalize # . 
- , it; or, simply that ^he£ have never before been asked to use this tyfce, 

/ . of thought procests in certain -types of academic jrprk;.' This study did 
not measure developmental levels. , It measured only acquisition of * 
. concepts ' 

The correlation between t IQ an^ acquisitipp^qf!tthe mole concept Jikfe- . 
wlae does not' help the reader; to distinguish between student develop- 
Rental e^ gf fee ts . ^ What 




: preci'st^yv^ measure anywajr? 



^|/tJ^t^V^ student ^learning of the mole v 

cohceptis -t^ the concept* ^Withoui having 

a -eppy ^of ^ impos(8ibie to state precisely 

vKy di|^ The reader does not taiow/the v 

tine <f rame .k£ibb^^^td. M 8tu^ehi:s iEor mastery of the mo le cdncept ^ 



^ _ ^ . . However, --a, listing of the extents of Chapter 2^(in which the molp 

,concep,t is presented) is- appallingly long*. The mole concept may have 
' r r- > < gotten lost in tfie-'massrOf- information presented* 



1 



Could it also be that the* difficulty in leading is due to problems' 
■pas of ^peed of. processing anctinternalizirigT ^ The level x>f , 

.misconception may be related to the method of presentation and ^o an 
inordinately high information density of abstract concept^ .t&at* 

& prevent st.udents from learning thojse Concepts precisely •* / *\ 

'._.'.■»* . , _ •» * " 
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-:^3f * The description of the^structure of the presentation pf the mole 

concept -in- Chapter 2 shqwed that a historical development was 0 v ^ 
. apparently us^d *^o develop^ the topic, Such a'histdrical apprdacfi » • 
$ *v may actually obscure 'the critical features of the concept , as the V 4 
authors of the curriculum attempt to- repeat (but r itrfcompletely) the 
logicaT^process that led to the cohceptualifcation^o*^ €he tfole. \,' * . - 

Thus, in a study such as* this , it is impossible, to separate subject • 
matter difficulty f roni methods^of presentation f r<$a deyelapmentaL v . 
level of students as being the cause of student misconceptions. - If 
this type of study is inappropriate ^fafe v 4^f|&8^*shing causes' of ■ i 
student^ misconceptions, what can it tell tn^pls it wortli ;doing? ; r -\ ^ 

As the authors state in their Results section/ the* refel value of the 
interview instrument is 11^- exposing" the' nature of students* <misconr 4 
cept ions* about the mole. It seems likely that 1 part o£ tKat\,dif fi- 
cu 1 1% 1 a ^9 the method ^of pres^rn^rtion of thc^ concept. In exposing 



v - 



^^Sejiature of .the misconceptions) the authors are in % position to 
lyjp' . P^k^4 a . P^H^iv® r ??P?P> o# the preparation of stipple- 

-? . ... rs mentary materials to qyercome the deficiencies of the curricultim;,Xh 
; - \ \ A * use* T<r be iised in this, way, the . article should haye^ be.en iab^e expli- 
citvabQUt the> specifics of the existing curriculum,, %at*exjactly did 
-the authors ^expect studeh^ learn abbut the. to3,^|\- ; |Mat7 «*e r ;tlie m 
boundaries; of the^mole cpnc^ 16 cognit'ivi skills* and 

understandings^ belonging to the concept of tbe pole. What ^are thes A e? -tk^%^ \ 

Ms t^e^e ^ -hierarchy .amofig :them? - How exactly was this^ content ** ^ 



p.- 



presented to students? Were, they- jus^t turned loose with the text? 
With .^dis? w .Were teachers"~lnvolved? What 'did they say or' do to 



su 



mt*the text? We are not told/ 



fa: 



This Is not an empirical ;study which* implies generalizability. "Can" T 

it be replicated with other Students?" is not an -appropriate question 

^o ask. Were.it to be used^as empirical research, additionaL types 

of information (such as those listed in the Procedures^ section) would. . 
• . ..... . * 

have had to have been included in the article. However, teaching is, 

jLn many ways, an jar t. The ability to move inside a student 1 s, mind, to 

look .at the relationship of student learning to .presentation of • that 

material, to explore ways 0$ developing more gff Active learnings 

material's br procedures— -tties'e are still hot scientifically established 

procedures and skills- They explore the 'question of -"What have kids * 

learned or not learned from our curriculum?" This article had the 

' x * « * ■. ■ * ■ «# 

potential for showing almost in a case .study format a process by which } 

* 9 ' - t ■ , 

the gap ^between what ^teachers wdiit students to learn and what students 

do learn could have been narrowed . ^ « s • • ' « 
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Whittaker, Muriel. "An Investigation into Teacher Attitudes* to .Objectives 
for Primary*Science Teaching. 11 School Science Review , 56(203)^: 
.360-366; December 197.6. . - * . * , .»';.' 

^ DescriptQrs~*Curriculuiii Development; *E3Qcation Objectives; - - * 
. ^Education Research i ^Elementary School Science; Elementary 

* - • School Curriculum'; '^Primary Education; ^Science Curriculum; 
^ . ' Surveys; *Teafcher Attitud^^^ . \ 



• Expanded Abstract arid Analysis Prepared Especially for I.S.E. by • * * y 

^ -^V . ' 'karvttrBratt, The Ohio ,State University. 4. ' / , > • ' 



Purpose . 

The- purpose of this study was to determine attitudes toward science 
objectiyes found in Science »5/13» , a set ofNSritish materials designed for 4 
primary, sctool/ ^ttitucies we£e inferred on the basis ;of responses to 4 . •* 
10-item suryey distributed and completed by 273 teachers. The following 
-hypotheses are. inferred from the study, although not so .stated: * •. 

s 1. Data in thi3\ survey should correlate with data in a previous . 
study completed bV Tabbron (1?|>9). / 

, 2.* Primary school tSaehers are more prone to- choose objectives t> * 

cS . * related to children !s activities than to the child's ability 

* * tQ evaluate results. * * i 

* * j=— * " • ^ 

-~~3.. Primary teachers consider children to develop reasonings ability 

*— * * * * 

TT^-f in a, hierarchical fashion rather than teaching as they were v taught. , 

**. » * *• . * 

.4. 'Primary teSchersvare toore .concerned with, successful completion 
- * '.'*""'* * • * * ' • 

of science activities than with having a child withhold judgment 

in light of alternative explanations. . _ 
• ' "* » ^ ^ i , . 

fc '"'5/ 'Primary teachers vifew science $s -discrete activities rather than 

_ <a> chain of thought and* investigation. - . - * r 

* 6*/ Teachers at lower (1-3) primary levels will choose different. / v \* ' 
4 -.~ ^ ^ / ^^*clu$teis thpse teaching higher primary 

£ ; r v :" ' '^^^ ■ St : . * , -T^f|| 

V V\ 7*. vthe. relative importancfe *of "interpretation of data" correlates ( ;. 
^ ^' % ^ .^.^ ^ith>whet^ science curriculum course. ^This*. : 4 

J- * > ;o6rrelatio^ fpr ^ teachers . who/ cons idered the _ 



\ •-'■•&fe s<c ':- *•-<■" -. ! ' " ;, -.• - • ; . 



f - V, 



^^Ife /*- bindings ' * . ' * v 



1. A clear correlation ^ <0. 01). , was found in the Qata for .primary Tf. 
». teachers' and Vttfkdata in .the. Tabbron* study of f Iiuf field science 

teachers , - ' * . - V? 



• V, . A X 2 ;j6est,pf ^objectives 10. and 4 'and 7' and 9 ^ras. significant 

3. 256? "of the primary teachers were^doing somes-science teachings , 'r-'VV.^ 

./4^ Cluster analysis provided two/*<:lusters of c Respondents , oheAwfth . */ ^ ; 

' v - ^ 142 -members; and one with 118 m^ers* ; These clus|prs. '%et$t^ ^ ; "* 

■\ ; significantly different . from one another (pplayj ^ p ^-0; 01 . " . 

; X*- " Sixty-six percent of infant teachers were in Cluster ^1* QLust€sr^ *' *Y%** w 

*• ' t-c' Jt ~* . ^. / « x « 

'•'^ x *'*»-- *^ >' v tl y teachers ranked observation and active .exploration {db^§ry^ v " 



Si"* 1 *! 12 * 



4 ^ c . 



experiment )^ as most^ important, 'cluster 2^ teachers ^ranked orderly ' , 

aii3>c'5itical .handling, of information and materials (i.e. K . 

. organize and classify^ communicate) as most important;. 

; ' * V ,■ * ^ - ■ • * • * • . * 

5. 'Experimentation and communication ranked high, irifcerpretattoh 
: • / and withholding judgment ranked 16w. - 

6. Iniant-level teachers^chose.objectives .-differently thati junior* . p / [ 
level teachers* according tp'ariialysi? of .cluster, data 'during j fwr 

V* ■ cluster formation*; - ^ - Y - ~ 

* ^- •■ .... - ■ . * • '•: : " t • v-v 
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Interpretations { ^ 



^ ■/ 



"J 



1," An- inference concerning thdCtraining of pfimary^ teachers was, made 

> ••»■**',.» , 

: .in relation to science courses* The authar' cojnments, "...it was 
• f |k> . ^ . ^ . */ ciear that a substantial numbef* [of subjecf^T had notf had a ~ - - 

C<J*'**2* *- - -.^ i ^ .^^-s<kencer^urs(e>-?? ^ * - * ^ " ^ V 1 ' . .V • . ; • 

^ / * 2. Teachers regard low^scorJiig objectives as '•less likely to be"; 

* , ^ 1 , v V attained!" -ratiher^ than as unimportantr;_ ^-^ - ' 

^; . - ^ ^ 3. , Primary : ^l^s' attwtt sj^lcance^tq basicr skills- ^aSMj^; 

, ** ' y s ' % " *,**-.* & - ' ' ^* J * *✓ < »- ** - * «■- * " ' — * t * * *» V-'* 

* > . 4. Some "increased; understanding" of science, has , 



r ft.-'** ./r" 



.5. Primary teachets attach ©ore ^importance to children doing acti- 
vitS&s rather than, their evaluating results. • f 

6. Children and teachers f ind it hard, to accept the- concept of 
♦ ^ r> * ■ - . ■ 

approximation in terms of right and wrong. 



7. Primary teachers do not expect children to follow chains of m> 
thought or investigation, rather they view scien.ce, for this age 
child asVa series of discrete activijtf.^4 afcd/or ideas. 



. . 8. - Cluster, j. teachers believe that children are in late intuitiye- 
: . early concrete operation^ stage, whereas teachers in Cluster 2 

-teach children at .the late concrete^arly^fqrmal-operatiops^stage^ 
Therefore, the dichotpmy between "activity 11 * and '.'organizing 11 
'objectives suggests the consideration of developmental levels m 

9. Teachers who had curriculum courses v£ew "interpretation of \ 

data" as ^important. . 

• « * • ' 

; - ... ; - j . 

. - . " ABSTRACTOR'S ANALYSIS 



r • .. ■ ■ .-' • 

The author remarks in the closing statements of tK§1|article that the 
/discussion of, results is speculative and subjective, (The reader is told 
the number of respondents (273) but not the total ^umber of surveys mailed 

> . .put and. therefore has nb idea of what-percent of the population this sample 
represents* Nb demographic data wer^inclu^^and -the reader is left to* 

* sor£ ou t how various ^groups, of teachers may "have respqndred^ Since none of 
the hypotheses -were^s tated > ] tfie; -reader -must dig .them out of discussion 
throughout the. article-. . It appears* as tl^u|h the hj^otheses were generated 
^ 1 after the data were analyzed, .without much prior thought. Certainly^ such tt 
prior thbugh^ ^^^^^^^^t^-' ft* ft- ^ch stronger study. ^ , 

> i \ ^ . 1^ matrlic of '.other ^attitude studies in :\ 
W^'~ - ^fclf?A 'education? " seWs^clear .that inyestijg^ interested in 

yar^ies^^ 

ibssd^ *!lnd r if the, 

- ~ - * ^ * # S might be able to 

problems asso- 
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. ... . teachers* 'attitudes toward science** objectives, but .does so by inference 
•/ 1 . from survey data* -ahd not actual measurement. * No attempt has been made * 
to ascertain tfee validity or reliability of "the instrument-, although ,tHft 

agreement, (positive correlation) with Tabbron^s study suggests jsome 

reliability even though the coefficient is not given, Speculation is , 
not considered valid. Interpreting the results obtained, by asking 
subjects to choose objectives from a list* does not seem to" be the most 
efficient method to use to infer the directionality of attitude. ~ $ 
question should be raised as to the nature of self reporting of science 
teaching by elementary teachers since, data from, studies in the USA 
- — ~ (Krockovery*etv al. ,* 1972), indicate .that an^overwhelming ja^bej^of^ _ 
elementary teachers do not teach, science. 

e * 
r * « 

Are there new conceptual contributions in this study? Perhaps more 

* * - 

questions ard raised by the speculation on the author than are answered. 
The lack of science training of elementary (primary) teachers squares 
s with data available in this country. There is little prior research to 
suggest how teachers perceive their students 1 attainment of objectives^' 
This would be a good question to study further. ... It would be interesting 
to .ask teachers in th3 USA to" complete the survey. > ■ _ 

tiffin » X 

Rank order correlation techniques have been usedquite^often to 
* suggest the direction of attitudes toward science. Cluster analysis of 
. choices is; not new either.. The assumption that teachers 1 attitudes 
. toward science may be related to Piagetian levels of intellectual develop- 
ment is^ supported in a study by Lawson, et al. (1975) who* found that y 
Separation ahd Exclusion tasks loaded highly with tdfcher attitudes as \ 
measured; by the JSratt. .Attitude Test/ (BAT). They suggested that 'as / - 
, ^persons develop abilities to successfully, respond^ to the Piagetian tasks, 
their attitude tpwarf teaching improves. The inter- 

vp*)iT ^^tation/that^pri teachers, tend to choose different 

,« clusters of ^ objectives is supported :b^ et al (1978) wh<i f^&txd 

that v elementary teacher^ are more child L centered while, secondary teachers 
are more^subjectrmatter oriented. These researchers also suggest -that/^ 



science Methods courses, can. be. productive In cha.n^ing teacher attitudes 



tftward 




*. In summary* the study is difficult fco interpret since , it does not 

* fit -t:he ; conventional .style used/in this country; Xhe problem and 

'*'*.*'•"* * • ' • * - ' 

related hypotheses are buried in discussion and analysis. .The sampling " 

* ** . fv 

method is not adequately discusse£. Although a large number of subjects 

were ; polied, it is not possible to identify the characteristics of the 
sample, where the teachers; taught* etc, ^Underlying assumptions are -not 
stated, with one exception. The design is a '"one^shot" approach and 
. data probably nominal or ordinal at best. . There is nq^ repbrt on relia- 
bility or validity of the survey. The literature review is very abbre- 
viated and restricted. Therefore, the design, although simple, is cpnf^ned 
^jto Npostjlio^ analysis. The findings should be limited to the sample studied 
at this point in time. Some interpretations are supported in other studies 
but the majority arepurely speculative. There are a number of interesting 
problems suggested by the study for further research. - 



_ . REFERENCES 

Krockover* G. H. et al.~ "Teaching Science in the Elementary School: At 
' « This Point in Time, 1971-72." Paper presented at the annual meeting 
of the National Science Teachers Association, New York, 1972, 

Lawson, Anton 'E. et al. "Relationship of Formal Reasoning to Achievement, 
Aptitudes i and Attitudes in Pre-Service Teachers." Journal of ' ? 
Research in "Science Teaching , 12(4); 197.5. %* t » 

Lazarowitz, R. et al. "StuSenti Teachers 1 Characteristics and Jf atorabl^ 
Attitudes Toward inquiry.' 1 Journal of Research in Science teaching , 
15(6), 1978. \ , /' ; i ^- v 

Piper J Hartha, K. and -Kenneth p., Moore (eds. ) . Attitudes Toward Science: 
. , I ttnvest igat ions . .iCblugbus y Ohio : " SMEAC Information Reference Center, ' 

Tabbrfan* ,Gi ,and, J. :Kerr. y ^Teacher^ Opinion on the Objectives of Primary 
" * 8tbia^\3j^&c^^ jEducat jibnal Res ear ch , !(14 ) j , .1971.* • ^ 



Beeson, G« W. f llierarch : idal Learning, in Electrical Science." Journal of 
. " : Res^ 2:4(2) j 117-127 ,^1977. -~ 
. Pesqriptqrs--*Educational Research;* *Elec trie Circuits; -Evaluation; 

. *Ins taction; JPhysics; ^Science, Education; *Secondary Education; 
Secondary -School: S6ie,nce; . *Task Analysis * 

Eicpandedv Abstract and Analysis prepared Especially for I.S*E. ^by 
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Purpose * . » 



The -purpose -pf # the study was to apply Gaghe's concept of learning 
.hierarchies to a particular area of learning not previously researched: 
elecfcrical\circuits^ Jhis is usef ul-becaus^^^fcpreyiFiil* research has 
been limited to learning of mathematics. Further, Gagne's distinction 
between intellectual skills and verbal information was to.be investi- 
gated. Gagne has claimed that only 'intellectual skills and not verbal 
information form the elements of learning hierarchies. 



- ^ Research Design and Procedure ' 

• r • . 

£ / A possible learning hierarchy was constructed by jthe -author. The 

£v t ' terminal capability was to find v the potential difference, resistance, ■ 

iind. current few: a circuit with k two resistance components. - The hierarchy 

* - consisted of 2i^int€^lectual skills and 7' 'information units. 

\$\*' v r ~ *' . / - . * • " •/ 1 \ - 1 

^ ' / V. 1 Modifications were made\in the hierarchy as a result of: (1) criti- 

|^/t\ . cism ? by, teachers and subject matter experts, (2) Tri.*fl,„ tests of, the test ' 

14V ; ; ; r V-Vq^?J^Mf . to, deteCTiine they actually represented different capabilities, 

0f . , : and i(3) Tfial tests of vthe learning materials- used: in the final' expert- , 



'merit.: 



■ A u . . . TSiis learpihg program w4s cbnstructw-jusing the hierarchy with test 
.qm^tefoilfiteYL eiement^^bedded ,in "^^p^^j^y%^ used for 
each ^tdj^$ual .slcill;^ .butWince yetbai infqittation un^ts could;, o^y tie ^ 
-tested *by\t^eVsriectioh of the correct term, only one question was u^ed" , 




tears*"? 



■{>•.•*• 



3* 



Subiects in the preliminary and* final testing were 166 tenth-grade 

^ stodehts/ from five different schools* 

ty t ~ y * * * " " ' " • ' * - 

^ " . ^The relationships between the .various possible elements were inves-^ 
^ Yigated by constructing 2x2 contingency table? of success/ failure for 
\eachwpai* of - items, and applying a" statistical test of dependence. - This 
-;was.done for two'bftfaei three types of item pairs: tfcose consisting of an ^ 

intellectual skill anfea/ verbal, information ijnit* No, tests were done 

on pair$ of verbal information units. 



X 



^ ^indingi 
/ 

( 0f the 34 contingency tables for pairs of intellectual skills tested, 

27 were found to -embody a prerequisite relationship as. predicted by the 

hierarchy; Mfrst of the. other* seven' could,, not ^be adequately tested in, this 

sample/ The author * concludes that vhen intellectual skills are -the desired 

outcome of learning, -the hierarchy method sliould be employed. 

* , * ' ' . i 

The relation between intellectual- skills and verbal information^units 

is more complex. It was found that : a prerequisite relationship did not • 

always exist foir these pairs, but that "...whenever elements of verbal 

information were included in the final hierarchy, they were subordinate" 

to Intellectual ^kills. 11 . ,^ ° ' 



Interpret at ions 

* ; * .* » * 

"The author concludes that (1) "Tlfe study provides suppott for the 



' .distinction between intellectual skills^ and Verb& information units j ,f 
X^^^re material' to. be. learned 'contains intellectual skills. . .those ^ 
1?-;$^ hierarchical s^qudnce forest efficient 



|eaTOin r g ; 4 f (3). ! f Other outcomes tp be learned (for^^^mple, yerbal infor- 
Wy*<^ J < * ^Mtionit ^ cari x be taught d&ftny order which is 

^Cft^;, v ! v -"'^'ooniiaered' ..appropriate-.-^ .5 anlivX^ ''..wwhere s.twdienfcs come to a new. * 
It^i > ' coursed skills needed to begin .the course, learning 

^ ^ c -ii*AT-flV^42£^n fiflMt t-o idonf-lfv these naiflsine* skills and joiide 



r. '» - ABSTRACTOR 9 S "ANALYSIS 

«■ , • ; * > • . • . ' * - * • . 

The report is useful *in that it presents a paradigm fQr^constructing 
learning hierarchies in a njo^athematicial field* It shows that a valid 
det of prerequisite relationships can; be constructed and tested. Further, 
the study does shdw that there 1§ some distinction # to* be made b*etw6en 
intellectual-skills and verbal information units.. However, the author ' 
chooses ndt to explain why they form different sort3rof prerequisite rela- 
tionships. Further research in this area could be useful in understanding 
the nature of these different kinds of learning; ] * 

Conclusion (4) seems quite reasonable, .although it is not clear that 

it follows 'from the data in this study. 

» . ^ 

Conclusions (2) ^nd (3) however must be criticized, for while perhaps 
they arte true,ythey in\io way can be concluded from this study. Conclu- 
sion <2) i,that thp use^ off valid learning hierarchies leads* to efficient 
learning, is not tested in this study for the efficiency of the learning 
was neither tested rior compared to some- other method. Conclusion (3) not 
only does not follow, fro^ the data, it seems unreasonable. , The fact that 

verbal information units did not form a nipe hierarchy does not imply that 

r* * * * , • 

thfey cduld. be taught in any order . The whole issue of the connection , 

» ' * i 

between, a prerequisite relationship,. that tends to exist and the implica- 
tion of that reiatdUmship ' for teaching are not addressed in this study. 
The author; arid Indeed many others, assume tliat ttecaiise/they find no 
students knowing B whop,do*-ndt also know A, that it. is necessary to teach A 
before. teaching-B . ^4'urhlng hierarchy is descriptive' 'but we lack evi- 
dence that/it is prescriptive^ -It describes the static structure 
N i(fe^ requires studies in which concepts 
yare taught J^^wer^:^ss ifcle orders. Jpwe ( Journal of Research /in , t 
Sc ience, i^h^ f^j^t\- ^r!12 , 1974) for example,, showed that a hier- 
archy, : p^t^^j-p>]^^7; wc^^fy, .may not be most appropriate for teacfc- 
ingi t?ie yter^trar skUl.^.^* .^pl^catlons of static -learning hierarchies as 
nowJusedr^ , ; K- - * " J * . * 1 / 



V.-; .• -si'-:: v- 



Xt^V v Murray ,v Barrel * n A Visual Recall Pjrbhs of Cognitive. Structure .] l 

Science Education . !62(l)'t : . : 39-46,." 197*'. ; * ' " ^ *' 
^ . ^ T)escriptors~^Acadeinic Achleyem^^ Science; 

f^JV. ; ■ . • *Educational Research; • Higher Education; ^Perception; Science • 
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Branded. abstract, and analysis/prepared especially for I.S.E. by 
• David L.Dunlqp, University of Pittsburgh at Johnstown, 



5 taft J-« . 



> Purpose % t . i \ 

( * " ■ ' " - - 

The purpose of "Murray's study was to investigate the visual perceptual, 
dimension of cognitive structure as" it "relates to achieveWnt^in college t 
biology- This included, the following: (a) a description of a Visual 
recall ptobe developed from Haber's work, (b) an examination of the 
relationship between p^rfoinnance on a visual recall test and performance 
\ - - of three achievement tests , (c) an evaluation of a hypothesis which ,* 

; States that the # predictive validity of th$ viaual recall probe will • . ; 

y y * *" * decrease, with subsequentra^asures of achievement on less related learn- 
4%-' ing materials, and a consideration of the implications of, using ^\ 

*Vp visual recall probes for the early detection of learning differences.* *\ < 



Rationale « v 

■»*-*•*'* " • r * - • 

The rationale for this study is related to; the firidings of several 
reaearchers, (Novak, Jling, and Tantir,. 1971; Ausubel, 1968; Ring and 
U Ndvak, d971);^ however, it appears that the focus of this : research 
is based upon Novak^;s^l97l) suggestion that • the beist^priadictors of " 
achievement are specif ic measures of cognitive structure (as defined 

V* ; 4 'by/^;ub : e^ : € • • ; > % > . . 

- Murray then reasoned that if visual recall p erf ormaitce shpws a signifir - 

- *e^^'W^jb'^ihi^ t6 : ^chieyeMnt. on closely plated iea^ing^mate^ *J. : H^'i 
.th^ ontf^uld^ the. predictive ^ . ; V^^* 

\'lr\'> . jvi^ual recali^prbb^ when applied as a, predictor of V • . 

rU.v^-:;^., ! ^> V v>-;-\: : :,^ •.' .-32 , \- : ■ ' ^. ^••^v;^#H 



' Research Dealkn and Procedures 



i 



. if 



'of /Illinois at Chicago C£rcle-.weriL tlje subjects j2L-this study.* ^Thi* 



^ r -i ». v two hundred twfenty~f ive introductory biology students at the University u ^j: 



course^ a wide;yariety of learning^ . * 

* ^ opportunities (slide-based lecturer lab^r^cfry* experiences , text v , - / 

^ jnat«ials^di8cussi6^ etc,) : J; 

to convey the major facts , concepts, and principles important to_ the * ; # Ti 

course content* * 4r . • * *• .<?; 

o • . . • - * • , . • • 1 *. * • r -** : i 

< '• • „ * s 5» * ^ . v ^; *n • ,;j 

; Haberjif (l^O) visual recall task was modified and used as 4 a method for. y t . -5" 

probi*^ cognitive 'structure, During^a particular lecture, approximately "/ S J 

* . * » , • ' ' * . ^ - « >< 

' • color slides were presented to s:he. students, ^nd.near the ^nd;of the 4 • „ • 

^ lecture the ^students were told „ that .a visual recall test was to be . A 

given* The recall: test consisted of 30 -randomly arranged slides, 15 of ^ j 

which were part of £he previous lecture and an .additional 15 were simi- , ^ 
..lar alidea ^never s,een by the students • .As the slides were individually ■ 

\projected, students were asked' to indicate on a true-falsfe IBM answer: ^ 

' *9heet.if they recalled having seen the slide during the lecture, 'The 1 

students were informed that their coursg grades would not be influenced ' , c'{ 

* * by * the .results of the recall test. The Kuder-Richardson formula 20 tech- 9 : r 

^0 nidue was* used to analyze student ^responses;', and the results showed' a^ ; ;} 
, reliability, coefficient olE-0,70, which when-frojeSDted ^o 0 a tesffof; 100 - 
... it^i^r^i^rcaicted ;t^x*P- d ' « *ellabAlty coef f icien^ ,of .0.81, 

^ . . Student achie^ementywfis evaiuatedf through the us? of 3Qrit em multiple^ a 
* < choice tests. Te^t cogs^ 

_i duW^> used for the past decade of testing in the Biology of Populations; ' 
L ^o^rs e r; ^ in a? ^ ? 

* ' ■ ^ delik^ted7area;o^^ in lecture ^ ^laboratory, an# * 

rela^d^^k^ were/ 
adminiattered. :tOA the ,sub j ects- as follows j test^l , :approxM4tely 9 day? 
* if ter^fchei' visual. ;Wcall ;fcest ;i test II , , anprox£matliy^0^fe the 



recall test. Reliability ie»t-w|l# 



.if ;'i 



-i^-rV as J6liows:\ ;o.^8^^ test* I; 0.84 ^ Tfe? 

^ f -:?vr^ ? : ;^Vv^K - ^ k-J V" - j" ^ -^f':^ 

j— r.^>^ - ^« ^ ^'.^...y . .. ^ ^r_c^.. .. > -„.,■.„,. i .. r/ 1 •* ^...v ...-*.. , >^ — ' 



and ; 0 *8 5 on forms A an d B of achievement test. -II; ^0,76 on the single 4 ' 



form of t&t Il'li 



\ 



'The general treatment* sequence Included (1) * observation of a slfde'rf 
based lecture, (2) completion of a visual recall testf* and (3) complex * 
t'ion of ; .,tl\ree* multiple' choice achievement tests, * 



Analysis of variance *(equ$l cell-siz'e) «was used to test the relationship * 

of visual .recall performance by the students to tfie.ir achievement , Quin- 

t^le groupings based on visual recall, test" scores were formed ffcr the^ 

! IPJW. 08es °' 9tialypis f „ An** independent analysis wa^ -perfonrfea* for eAch~ * 
~ 1 . - V. . . - »' * . - I • ' • > * n 

of the three achievement tests with respective* scores serving ^ts the 
«" * • * * • * * ' 

1-7 , m 'dependent Variable, Where *JF ratios* were significant <p < 0". 05) f co£re~ 

I . . elation coefficients, were used^ to detect differences ii^ the predictive' - 

\:\ , .validity of the visual recall test with respect to the three achievement 

f \*„ 0 . tests. All data were computed using the Plato Basic Statistics Package, , 

p/* - ■ - • • r - * ■ * '' *' 

f : % # — . ✓ v. , 

K:V * * Findings * ' " . . , ' < *w* 

. 4 - ■ * • , • , . 

. An exdmiaajtion of the relationship of performance on the visual recall* 

test by the subjects to **heir ^erf ormance on achievement . test I indi- 

>: cates that the amount of visual information gained in lecture* is 

positively i elated to. the amount of new verbal material learned during V 
- 1 9 . r %tm * ' " ' ' * ' ^ ' * ' 

a following period of instruction. . The relationship between visual 
■ % " ° ' " . * **. ? - 

*V recall performance* and scores on achievement t^sttf 11 and III was 

f \ weaker than - the relationship between visual recall scores and achieve^ 
" '"iTOn^ - test XiV: ; - ' / v ; * ^ 



Ihterpret-atlbns 



Although visualv.and linguistic information may b^ cohsidiBred as differ-? 
-rCv ^^ . , ent aspects of cognitive structure, these results "sugjgest^that a visual 

'°#.ii^^V^nt.; f however^ the- pre-* 



( 



%' a***-***. ss"> ^ ' — • x-- ' - . * . . .'V/^ 



>, . • .to leas related content .structure areas. The predictive validity of the 
. . ^visual recall probe is^highest -when applied as. a predictor of achieve- 



ment - on^closely-related- learning, .ma terials;. . ^ 



Since learning materials presented during the respective achievement \ 



testing , intervals showe d content- differences, 'it appears that the ■ * 

A * visual perceptual data aspect of^cpgnitive structure is subject to • %M 



the constraints of conte^s^ecificity # 



^ABSTBACTORIShMJALYS,!^ 



Haber (1970J, from his work with visual mental capacity, has, indicated * 
• : * thai <<jmong the m6st significant of Ms findings is the suggestion that 
there' is one kind o&W?mory for pictorial^material ahfi ^another for 
v ' % linguistic. This finding* is the basis -for- Murray's interest in the \ 

*\ - ^relationship between, visual* recall performance Cpictorial) and perform 



mance on related achievement tests (linguistic)-* 



Murray's- model of a visual recall probe, for the ekriy detectipn* of 
learning differences related to achievement is. easy to administer, and, 
its -unobtrusive nature will be an asset to -researchers interested in^ t 
securing the Subject f s cooperation^ ^Further, this specific technique 
appears ; to be, unique in^the sfudy of cognitive structure and , visual. *~ 
recallt^s Lul? (19^ indicates, the effect of' external imagery on . 



■ 'A 



learning has been investigated primarily within , the paired associate 
learning-paradigms , * ? - . - ' < r ']€^^£ : \r* 



For example, in, an article relating to paired ^associate recall Emmeric^-, ; 
^d:.Ackeri^ a number pf recent studies have focused ^ >3ff 

on the effiftctsi.bl th^^elabotatiQn of .stimulus materials on memory fpr ^, j ' % 3f^ 
k iiibife:^^ it has beien found that eyborations, " - I . 



ylsuait ;.o^%^ri«i> .aidr'r|te^ of the target; 'item, pairs;, relative toA; .^ ^ ;< ^'T^.j 



.cont^di^coha^^ are^ presented y ^A-^^m 

without vjgny associating , mechanism; As Murray,, stited, additional work. . 




v 



'Instance the relationship between, visual recall and achievement is 
.dependent upon. the time* interval between, the probe and the achieve- > 
ment test while in the second "instance this relationship is dependent 
upon the content. Additional research, controlling for these multiple 
variables should be conducted^o^clarify this^point. 

Future* researchers should also examine the content specificity of eacl^ 
achievement test arid^relate this finding to t*he~content of the visual 
probe (slide- lecture) . Careful analysis of this situation is needed, 
,to advance and refine our understanding of Murray's hypothesis which 
' states that the predictive validity- of the visual^recall^probe. will 
decrease with subsequent, measures, of achievement on less related* " 
learning materials. ■ Q 



Another intriguing variable related to this study is that of student 
"attentiveness." ^.Does^this variable help to explain why visual* recalls 
' probeff exhibit ^he highest predictive validity when applied during the 
/^feriod of instruction in which achievement is to. be measured? Addi- 
tional research in this area would be interesting ^but possibly * 
! difficult. - • . . . 

" " * . ■ • f 

Although this study has raisedT many questions > -it has also demonstrated 
a new and potentially useful methodology for , examining the relationship 
between cognitive structure and visual recall, ■ /The conceptual contri- • 
bution is also significant .^nd warrants further >study f 
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* Ekp^detd- Abstract and - .hn^^sis^re^aveA Especially for I.S.E. by : ^ 



|^>- r^l i " J. Dudley/^ 




Purpose * " . V 

* \. ■ In this study of acquisition and transfer of the concept of pro- 
per tionality., ttie * authors attempt to answer several questions. First, 



wili training on the operations of the INRC group which Piaget sees ^ \. 

as inherent in proportions 'lead to "itaproved abilitx in solving the * 



proportions?. Second, will, training transfer from one task to another? 
Thii^f will the training transfer to some mew task requiring similar 
logic? Fourth, if'iTrahsfer does occur, is it due to similarities - 
between the structufe^op the training and transfer tasks (e.g., both • 
tasks involving. direct proportioii i W^ both tasks jLtivolving inverse .* 
* proportion) 1 or due to the presen^^ol identical^ elements in the two 
settings, (e.g., botft tasks invblyingr the manipulation of weights and 
lengths of. a lever, arm)? .Finally^ 5 the authors tested the "Deep-end 



HypoJtliesis"r^fittf i^^pthesls that, mo re learning, will occur when a complex 
task precedes , a simpler ^ : task than ^en the .order is reversed. « . 



'-fl'j^t"'« r .. ^? T^Sfi^ notions concerning J:he 





D^p-end Bj^gthefeis" is 7 an attempt . 
result' obtained by Dienes and 



kiSaaaMM^i i.^ ...««.. . . . .... . i . „ . j."* 1 . .i — - . ,., - r. , ^ . ... . . *. . . - - .... ..- ■ ^_ 





;i 'Research Design and Procedure 



* ; The study was performed in a remedial mathematics class at the 
*. college level. The group was very* diverse. , Ages ranged from 18 to. 55 
^ >~./^0Sua median age, of 22., Mathematics scores o^ the California Achieve- 
' ment Test ranged from the sixth- to^the thirteenth-grade JL^^eL^yith 



median 'of'9^1v : 



t % • The study was conducted during %he third week of an eight-week 
su mme r, session. Delayed posttests were given during the seventh week.o f 



Students were assigned alphabetically to two groups^of 24 students 
each. .Both groups were prefestegl on proportions and then trained on 
three tasks:' Rings and Shadows (R&S), Half -Balance (R=-B), and Wheel- 
barrow (WB) . However, the order of -presentation of these tasks differed 

■% * 

between the two groups. Both groups were given a .post test on proportions 
immediately^ af ter t raining and again four weeks later. A written test 
of Piaget's Balance Beam Task*was given as a transfer' task. This, test- 
was also given to ^21 more able students enrolled in a special program 
involving computers. '^This more able^group was^ treated as a control 
group. The total design is summarized, in Table I taken from the ^origi- 
nal paper. ~ * * ' » 



TABLE r > ^ Ukc v 
Design, of the" Study '7 " 



Group 1 



a^ 



Group 2 b 



Control 



Pretest proportions , 
- Train R&S ; and HrB/ . : 
1 I^SjyandvHr^^ 



Train WBV 



: Testr.WB / > - 
\ ~& 6s ttest. proportions 
N ;Pbs ttes t' balarifie 



Pretest propprtions 
, Train W ',. 
; .TestJWBV- 

s^ato:;R&|vand H-B ; / 

est* R&S ;aiid- H-?B,r , " , 
* Pqsttes^ 
Posttest balahce vartr-.». 
>ed: post test: _ * _j j; 



Pos ttest balance 



. ^iriitiai training on Itwq r : |ojirr^emeiat- .g^p s^c^utes fpliowj^ by 
training on the;^ight^ 'T^.*/ 3 ? ^' • * * 



■ ^ 4 





0f^'^$^r^/\^^ ' ^; IIn3er8t^iAg, tMs study requires understanding of the tasks, used 
||f ^ , ^ \ V . in TOeTstody* for .a .detailed description, one should study the ofciginal 
:^; V ' „ ^P a j?^»., ^Howeyefc, focus on jSk , few; characteristics df the tasks, should , 
^ * ' -clarify the intetit^of the study i c ^ 

, ' ,> "/ V" " ; : , r // ^ \ • 1 ~. , / • 

^^J-; / . liet^us, take , the simplest, part .firs tT- the complexity of the Jtasks. 

The HalfcrBalatTce Task Is designed, so that^it illustrates only an inverse 

proportions The Rings and ShadpwS- Task is designed so^£hat it^illus- 

. ' ^> • < , , J , p " ■<* - " " 4 ' ■ ■ r - *. ■**».* 

« trates^only a* direct, proportion. By contrast, the Wheelbarrow Task is 

, * designed -to .illustrate either a direct or 'an , indirect proportion. Thus, 

' there are simple, tasks (HrB and ,R&S) and?fa> complex task (WB). Conse- r . 

quentiy, ,by varying^the order ^in which the basics are presented, the 

authors are able to test the % VDeep-end Hypothesis." 

The Balance Beam Task that was used to check transfer^of training 



r ; may be- presented so that it illustrates either inverse or .direct pro-- 

^ s* * ^ . . . , • ^ 

.portion. In addition, it involves the manipulation of weights and „ 

'distances as does the Half-Balance Task used for training. Then 7 if one 

Jf i 4 , compares, the performance on the total Balance Beam Task with the per- 

4 . fprmance on the; Wheelbarrow Jask,. the comparison is between , two tasks 



6\ 4 - 



. that have similar logical structures (both" direct and inverse proper- 
tions are involved) but have dissimilar elements (the physical arrange-^ 
ments in the^twp tasks .are sufficiently different that /students are 
unlikely tc> sense' that they-ar6 -"doing the same tMngs")^^jn similar * m > 
fashion, if ,perf brnumce on ttet portion of the Balance Beam Task that „ 
inyoiyes ajddtrect :;p^oport^n' is compared to p.erf prmancej v qn the Rings 
and , ^Shagows Task,^ jthe^c<|^a^ between ^ two tasks that^have simiiar, 
^ stractu^^ bxit 4isslin^ar :el^ents. r By contrast,, .co^atisoij of perfor- 
' > matfee on that port iohloi the Balance ^ Beam ' Tasjc ihat involves 'indirect 

.projpbrtUon ^tn Jeft^rma^c^ on thfe^H^f -Balance Ta^k inyolyes comparison 
f^?^:-^.^/^ :o|, tas^^^ elements*! ^ ' ^ ■ ' 



A. 



|^:V/ * 4 ; 1 .t* fAll tests^of hypotheses ^we^ comparing tlhe errors toad e by 

%lli>r . J- \ students whenCA ^ere; were more passi- 



, students when .they performed ^the jvariojis feasks. Ther( 




the use 



|^?HC*?7/,/ . of ^oportions rather than,, raw scores* Furthermore, the range of sco.res' 

v\r" r : ' v; - 
^l^iSU ^i^was, very;small,, making .it necessary to normalise the data by the arc sine 

wv^tn \ * v >/trai^formati6n. It is probably wise, to keep these alterations in jnind 

**v; y,-. y M^He? ^results are interpreted. - . *r 1 . " 

y^^First,, let us deal with, the ••'Deep-end Hypothesis." Essentially, the 



results prpvld^np support for the hypothesis that more learning will 
occur>wfien a comply- task precedes a ^simpler task. An analysis' of covar- 
. imce^qf ' -the data, suggested ,that the reyerse may be true, but the evidence 
isn' t 'strong; rphe jway .or the ; 6thef w . >- * - 

' « s - • 

The results indicate that the training (regardless of order of talsk ~* 

. presentation) had a beneficial effect. Tfie scores on the posttest and 

delayed posttest were higher than the scores on the pretest. 

Having determined that there was a training effect, the *next question 
^addressed is , whether this learning transfers to another task that involves 
proportions. This was tested by comparing thfe performance of the two 
, trained groups and. the control grbup on the Balance Beam. Task.. TKe'pe^n 

- number oi errors ma.de by tfe ti^ee "groupsfwas A*92. for # Group 1, .5.52 for 
Group 2, and. 6. 2l for the control. Statistical tests revealed that the 

. difference between the mean for Group 1 (4.52) and the .mean for the 
(ion'trol group (6.22j*was . significant at the 0.05 level.. Thud, it appears 



that the- train^g which/was prpvided did haVe^an^ef f .ecjuML-perf ormance 
r o£ : %^e^ ; task that invoiyes proportions. 



'^1 



.^. r , The final ^questton addressed, is whether this transfer r of training is 
f ^ ^due .to identical ?i^ e ^ s fpund ^ the train- ' 

ing tasks and,, the Balance. Beam iask. ^Recall that by identical structure. 
s „ n the^&u^^ that ^j^ v same Jklrid of proportional r^^tionship is . ^;^^,<^<r| 

, ^ it^bly^i < , % JSpr ex^ple ^the :WB. Task used in training^ and . ;the H Balance^ Be^^a ^ ^ ^^Jj^f 
TaskJus^>as3he transfer task involved both direct prop£rt ions and \ f • 
. inverse, proportions o, they werje said to haVe .identical structure. A ./v? J 
chi !square: telt was.donie to see .whether success on one of the .t^sfcs was - , 
\^ , v ^- t§I^^ ( ^^^^ >the § f ther. : t -Tfie test iiviicated ^; w signififcant^ 



Mr'""'- 





?4 



#ie Half ^Balance Task that ,was used in training has; according to ;v| 



, . the author ^elements that are identical %o elements found in the balance 
♦ , ! \Seam Task "used :to test Jtrahsfer,; In both cases, weight? 4 are added to get, -?%3 

[ vv"'-'\'\-'v.i tfv*.:/: : « • . .' " > ' 't , ... A% 

|i$V^ pending ^r. rotation* In both cages the. distance between the weight ,and a . . ..,.31 

. I. , . ./fulcrum is considered* It is 'this kind of similarity that the authors , %%$t 

seep to have JiL mind when they refer to ident ical, elements. A clilS square iLMjj 

V^v, ' testiof the hypothesis % thkt success on the H-BJTask is independent of . ^ * jg 

success-o&-tW£al^ to-rejection of^the hypothesis* : , ; . 



There is a relationship between performance on tine two tasks and the 
authors conclude that the transfer of training that they observed is due 
to identical elements found in the training and transfer tasks. 



1 'Vvp> 



«'5 




|v > ^^ i , . - Interpretations * . J 

t; \ * ? The authors conclude that training that takes into consideration the 

* # . ■ * • r" : - # ' T . " " - - 

v , logical, stru ytur e of proportions and that builds on the existing cognitive 

. * structure/of the learner can result in learning of proportions* They also 



> - , , ^N??- the- transfer of thisi training is dependent on the presence 

f^;' . of identical eieiaents in, the .training and trkns-EjBr tasks rather than on ^ 

ife^3k^ v :^;, €i> •:" " ■ ' " ' *-* ^STRAGTOR 1 S , ANALYS IS; - . , -Tr^:^^^! 



S^; r . s r\~,. % ^ ^ r t /found, this .study td Be. both, interesting and .difFicult to evaluate/; - 

" ^ : v ^ 7^^e: c^ndeptipk .0^ .tj|fe, research seems to be nmch 'tetter than ayer|ge' ? : . ^ : |^|| 
r l f . tfe^ ;auth*>rs uged v cpn^ to design training tasks with the' s^e^ . ' a: \.^5f| 

logical structure^f oundr in, the .Balance Beam TasTc ^used, by Inhelder ,and tx * 



^ j viary , the^complexity of JLlie tasks , the nature of ihe. tasks; (i.e. , the , 

elements, that :are manipulated to produce the" proportioiial rela$ip,nshig> 



^- L^ila -e ■ - -- -.--^ ^ - ^. ^ 1^ ^..,.1.^ 





*$rSM'^-* / . proportion is involved); .The authors also address important questions: 
" S^^imy . learning?' , Does the* learning transf er to new situations? 



\ 7 - If •transf er ^occurs; 



what accounts for the .transfer? 



'-k^,' P^rill, the design of the study appears to be soured. However, 



SSfev : ; ; several; questionable assumptions were made* Subjects were assigned to 
- fS : 4v-- «.< trea^men^ groups^Mphabetic^ that no extraneous variables 

- were, correlated with alphabetical order. Although I carinot cite the 
^ _: li y _: spijiYr I believe previous research has shown that alphabetical assign- 

- - '.WW^^f ^ e ^?.' to^nohequiyaient groups,. As an example of facto'rs that 
v ^- rf :v" m ?y ^ °P^^ te r ^Slo-S^ori^and Spanish surnames 'tend to begin with -differ- 



^ v ent letters. Such influences could lead to ^groups that differ ^in English, 
^;V : . ti language slcLlls when assignment is made alphabetically. „ ' \ 



Mother questiona.ble assumption is that estimates of test reliabil- 



^/ ' ity derived from data* for a group of s event brigade , students bonstitute 

, suitable estimates of ^the rfeliability of these tests when 'administered" 

to, a v ery div erse, group of poy.ege students. In sifliilar |^shion, the^ 




.?r>..us*e of a superior group of stodent^fe^ a .special program as a "control" 
j ' for the treatment groups -appears questionable. t * 

I also worry about some assumptions made in the data analysis. 1^ 
. unders tand why it ^ was necess^r^to compare proportions rather tjhan raw 
scores and why it was. necessary to normalize the data by * the arc sine 
>fransfofmatioir, but I am uneasy Isibdut it. One cKarice error on T task 

s^^v-j? 1, ~y*\'y y/y*~ r 'yy^y\\ ^^^• r y^\7: : ^'^:^' :/ * m * ■ >; - 

tM .with three ♦possible .errors affects the proportion of errors much more 

£&s& t y /" . than the satoe chance erroir.on a taste - : with*tenn?ossible errors. With _ 
f^ff^y^: r ve^^arjge )iu^ in each cell in the analysis,, such 

^^^C^rl-^'r i^^r, f rom the report, of this .research' 

j^SSL^v^:-' • th a t 'Acme crils v s^ta a very Jarge number of 4 data poihts. 

&4^^>€ry ' > y>' vy^yy^yy yyc* \< ^s^* ^ -?,*'S^*vr r ^ m y~K '"^^ ^ v ^ ' * r * v* ; i ' . . * 

LiPeirlfeps^ : . 



Afi^X ^ ^tjl^imy^ complex. This, complex?- 




. X C « t waa ftever qufte clear: aboutrthe .tracing.,, Since this is a study 
of the. effectiveness p|, ^ seems very important* 



^ to; we that $tie reader have a~ciear understanding of just wfyat that 



training wasC A samplk^protocol;- * an outline of one v less6n, or sample 

t questions asked, during instruction youi^ tell d greatjdeal about what 

' \^Svdpnfe ? Jnirt^acl^ - weu, fae7"s£"Ply to1 ^ training was done by mean? 

of axclassroop demonstration Lof each task "with stress on the reygrsi- 

*V bilities needed to, establish a state of equilibrium af«ter an id4nti.ty 

transformation was performed," What dp the authors mean by "stress on 

! . \ reversibilities "? Did .they simply point out that balancegcan be 

„ restored Jafter adding^a. ; weight to H jtB&j|lde of a balanpe beam by removing 

that weight, by adding weight to the other side or by altering .the length 
"* * , f 

♦ of the lever arm, or did they have students "do calculations to demonstrate 

equality of moments? . * 

- ' " * • • * \ ' x * • • 4 

* * " » 

Other important points are left unclear. Just what is meant by 
^ ^identical structures," "identical elements" and- "identical concepts"? « 

^ . If I am to benefit from this research as 'it pertains to transfer, I, must 
* know what^these terms r ^an* I am'no,t told and am. never sure that my 

ixif erences-about ^their ^meaning are correct, • 

The exact nature of the tests used in. this study isn f t clear* There 
is reference to four types of proportions on these tests: Direct-Abstract, 
Direct-Numerical, . InveirserAbstyact,'and Inverse-Numepical; „I think that 



" < Llqaow hbw the . di^egjfe- anA.. inverse j^roportiphs questions would differ, 



^t^llm^npt sure, that i j^ow wfcat /the. numeric^, and, abstract question; 
.Jwouli lopk^itei , ? ;^;W^nt.|o know wtot is, being tested,. >nd the bes^ .w#yg 




fef- ^ ■ ^ the authorsUfor/th^^ Authors are 

v_ always- close'to^ ifieir, .Wbrk^rid statements v that appear perfectly clear to 
,the?^a|e : ,not^le«ai id^ther^* JiA conscien^ can point to : 

t area* writers ^clarification;; is, heedeS* ^nfortt^ij^^ ^ey|ewefs' and ^ 7 " 
i^- v% editors.^ the point sacrificed ^ ; 

' ,wV{somet&^ t<^pubiish as many <articles^as 

y->p6s*siblte:^.it^ Fe^er arti- t 




/;>Now let we turn ^to What •! toys: "£$«rae£ from this research* 




;/;/n 

PS 



it**/" 




ifae: f ?Deep^nd 'Hj^thnis? seero-so unimportant to me, and the 
resuljanconcerning it seem^so teiiuoft? that I- ignore it altogether, 

so with the other considerations. >* ■ * . 

" \ ■ " . ' V " T " . * 

> ^ --Itt^Rite of the questionable assumptions that.are mentioned above, 
I am ^clined to believe \ the -resuits^pf, this research. They appear , > t 
Reasonable; to iae.- .They, are .consistent with ptfier' thing? that I know. 
Por ex^ple, a great , deal of research suggests that students who are 
ctaught sbmethinga are mpreflikely to*-know it than people who'. aren't taught 
thlt: thing. /Thus, the finding that students who were given the training 
did better on the post test than on the pretext is Important for the pu,r- 
poses ^of this research, but it is not new. (If the authors had provided 
a description of the training and testing materials, this finding wbuld 
be important to others who are trying to teach proportions. As reported, 
nobody but the authors can^enefit from the finding.) • 



The" finding that^ the training l>i£ce7lu^ performance - 

on the part # of those who iwere not taught is^cowistent with other research, 
but not profound. ■ * ' 

- The rebl^. that is potentially Important is the* one pertaining tpi 
the f adtbrs that influence transfer.. Let us look more carefully at* just 

;yh4tawa's ,shbwh,_. rj-* - * »■ . - < 



. * jpn ^.H^f^Balan^ apparentiy focused on the fact 

. that the/bendtog.^f .Vt^te/netaL bar when additional, weight is hung on the 
;Var.<&n #v be i.nu removing the additional weight 

7 jS* ^rtiinii^^ the weight and the support: for the; 

Aaril jresumabiy tte product of tlie , , 

J, ^el8%;.:§jaSj '^^^S^^9$^A^%0^ is C0 P st ?P^ f° r £ particular:. ben4 

/ • 7 J ^3f ^ ^^»«jl^fe«ifen^d ' -trHaLfc 'js^^fejftsflf^^tt a test over t]^' Jtf aj^n^|d4 f . 

\ over, a^ portion 61 the Balancev Beam Task was highly corrSl^ted, The 



If 



•/ 

■*-';...-. < *^ 




i J $^7^ . •) 77 ^ ^7\7 17; ,\ *~ - //'-V - :* J 



^7%&4. 



.bWy'~5^i^%c»^e.candl^V 4 Halving the: diameter of- the x^ng is comperi- 

)J0$^ >r ';7C v, ' : 4f ^b^;:telying: the distance from ,the candle to the, ring. ; v ; 

?^^v 5 '^ /^'V^-'^'K "*--vV\ - ' - 7' ^ : * ' ■ * ' >A ^ *-\ " ; " ; ■' ^-V''/' 

7 * ■ m**/-</ : * j? *^ V . - ; **** - ' / V;. , --v ^* « " . '^vi. 

, ; ^ .The;,aut:h6rs7f oiind- that performance on the R&S task; was independent , 



\Xr%^ ^y/^i^K 6 ? X^y^^%^^^^ir^;kT ?fe?J^ e ning the % 

I ;1 v ;di|tTO6e%etwe^ the weight, and , the support ttfr the r be«nu Presumably ; 
r^^tHe <(^^ that the product of the weight and. the 

.7 length of the lever arm is. constant for balance to be maintained was 

B - . also covered. ^ * « ' ^ - . V ' 4 

; ^ VM'- v'\ ' - . , . ' • r - *- ■ * ' : 

The^sim^arlty, between these *two situations is rather clear' to this * 
reader and it was apparently cl'ear to the subjects in this Study. Those , 
wto'rdid well on one task did well on. the otljer tsfsk as well. 

. Now let us examine a situation* in which success oh one task does \ - 
tiot predict success pn the other task; * - 1 't^- 

* If the weights on either side of the Balance Beam are 'fixed, the 

• ' * ' <<* 

equilibrium of the^ balance can be upset by moying one of the weights. 

*%*$o restore the equilibrium, that weight can be moved back to its 

original position, or the weight on the other side .can be 'moved* It 

-dan* 1>e shown that the movements on either side. must be directly propor- 

tional. For example^ if the beam is balanced with a weight on the. left 

7' 7 ^.cm froia the support and a weight oft the right 5 cm frq^ the support, 

moving the" left weight to a position 4 cm from thie support can^be com- 

:^** h ,\ pensated by moving the 'right weight to a position 10 cm from the support. 

* Doubling the length of the lever arm on .one* side must be compensated by* . 

r > doubling the length, of the .lever arm on the other side. - . 

\ I 0 if -Qee of the, training tasks,; R&S, also had variables that were related 
.by a direct prdportion. Gonsidet a. ring 4 c cm in ^diameter that is lo dated 
7^,;j*,;, 10 cm from^a: candle^ ;If this ring is replaced by one.^ith \ Z cm d|a- v >v _ 
* ; ^ 7^tery the shadow, cast by the ring Jwili be s^llex/ % However, the origtoal 
7j }.7 t ^ shadow y l5izfeM:an >e Tre^toreS by Moving . the 2 cm ring, uhtil it IS located J » 



Ihe; auth^^ on the R&S, task; was independent 

V 9f P§J%^f n )??795 "trfte^ .d±r@ct^jp_^5oxrjt"lon„ ta|k :with the Stance Beam, §y^x 

fi>?5^. v J,.!; ( , though, both^tasks/ I' don't find this result 

i&y "7^; 7 i f > '* ^ . ' % * "* ; ^ * ' ***** * ' 7 ' ' 





1 >x 



jAV* * * - « 



lv^S>< : ^ % < r believe that most: dEius would describe 




5 1'.^r v 



^H^'ifyt'^l' «pst^6£iui r wuiA describe thd^Half^Balance Task as - , 
^ : ^^Vi^a^^a»the AggfcraV^ BqM Task. I believe 

that tte /would idepcribe. tite -Itiags apd^adpwa^Task as "tatter- different 11 
r&o* \th^ of the^aiance, Beam task* We are.ptob- 

^ thif resea2ch^Mcri*te as 



id^tical ^le^nts" in thefba»nce tasks andP'nonldeatical. elements" 



incite They^do^t se^n the same, even 

thpugh~ tlie ma L U ematical relaticftisliip inherent in the two tasks is the 
same; Th£ ajitiiors. conclude: that transfer ia influenced by identical 9 
: f^emeht8ria^itot idla^cil structures . Under J^e^iV^iJ^P 8 of this . ; 
study; I think that their cbnclusion is correct. J. I also think that 
this result - deserves further research along the fpllowing lines. > 



{ 1 



I ask you to think about your own notion of direct .proportion. 
You probably see dfrect^.proportions everywhere. Ifi, .density you see . • 

that mass; is diregtly prppprtional to volume* , In kinetids you see that 
acceleration -is d^ectly .proportional to the accelerating "force. In ^ 
Hook f s lat/*yout«efe that thfe Stretch °of a spring is\di»ctljr proportional 

to( the force applied to thfe spring^ In chemistry, T ybu see that the mass'* 

j. * . ■ . ■ • , ^ . ■ * ( * ~ \ Wo , — :„ '' v - 

ofl a product is directly "proportional to th<* mtfss of ikhe limiting 



reagent in /the reaction. And pn and on. # - 



Tt is likely that this relationship th&t.we call a iipect -propotfe \ 
n did not become apparent ui^tjl w e had encountered q^ite a' numbef 9^;^ 
specif i^elatioMhips,; all ^pf - which were related "in 4 this^ sam way. vAfter 
a *&13*e; we ^bjegan. tj& look ~f6r such a .T^atipMh^^bejS^se^^ci^ - f ound^ 
that "/xt ,was --.a useful way- of making; 'sense, out o^ other data that we wanted 



/^My^pptojl ( ,lg^^flit.^e8tf. ,f stwct^ral" r^latioiisftips'are nfft.rimmer . ■ 
^diateiy transparent ,when ;we- view data. , Indeed 5 it Is^pEobably necessary 
^ tpjforce.purselves to ignore more obvious infonnatidn\(such ^ as the fact 



; ;; .vf vis 




^^^^^ ^ ; 




^'er«t«id^4reet to beT.sayihg .when he 

-V - * ♦** *> ~ " */* ^* • ^ 
children* :to conserve substance J 

- ^(^NKft, X964). The young child is 'rifcely to focus on the change in 4l 

length or the Change in Height when a ball' of clay is rolled out. * Jnf ; 



;: ( Perhaps , the defoira^ the xhiltf 



- , . ^ ,is unable .to>(atten* to <the logical structure in the setting. It seems 
hE^^ V , ! J a * 8 ^t&ugiTiit 'is not until ,such events- become routine that the mind Is. ;. v ;| 



: v" v v* - able, to disengage from the surface phenomena and de§l with the logical 
1^^. " underpinnings. - >• , , % • ** , - X '?Q 



,^.5* . Think of your first visit to a^foreign country or a strange city ip 
your own country. Although you have the training to enable you to observe 
differences in ec^Qtd.c structure and governmental organization, you are" 
unlikely to make sucVahalyses in the beginning; You are too busy with 
the new smells, the \inu^jpal colors, the strange dfessf^anji the -fascinat- 



. ' 'ing.atchitecture. Not until our mind has dealt witli such surface obser- 



Vations^ a^^become saturated with them do we naturally -move to. such 
^ tT sec5M~o^^ 

why our government anct^ economic system has evolved as it has. 



The kind of question that I am trying to raise and, the one that 
. . -would appear to be.a logical extension of the research reported in thi? 
study is this. Is it reascgikble to expedt students r th abij? to trans- 
, SeTrJtehtJLhayJto^ J&9 ut ^4^? ct ,P ro P ort:io 5 s inverse propor- 



|k^/-</ .s ;tions dAring a short "period of training ytto.a somewKat different task that 

^ v //. t^ey^encoSnter $ey>ral^eeksi later? Is. \it^ perhaps, more reasonable to * 



0Xf ! ZS . ' ! expect the ability t& apply $uch logical operations -spontaneously to 

Kv.t develop over -anrfextehded period of time y as, the result of encountering 

" £ J" * ^'j&T*:- • 1 '* ^-;">£^ 
l^l^feV' Iv, this ^ same .logical structure, ;in* a >afiety* o;f;s^u¥6&ns^hich, on the * / ; " vS 

, surface, , appear ;to be .totally .unrelated?; JEs<~it not t% . discovery tnat^. * fc 

/ . # , 4 suclii logical : bperations^enable us y £6 find.prder, in "events: that, appear r 0. 



identical 
a 



1^1 ^-p- ^ ^ ; ^strocfcu;res' # discu^ would-'^ Appear in . 



/7v , BtortVteCT^.tudy: such; as, this pnjl;, but- might .ap^^r in a' "similar study 
:". /•tihat<-«xtends : ,.,o.ver -a. period orf\k' year. p r -longer. ^ * r _ : ' • . 

l%D?r^^^-^'^ ' ' f > "-.•''^^ |, .> 5'.'-SU, <%'i>" v • "- " * -v^^l'^ 




*Uken*, fceph, .PbiiilR f ^/Werrifkeld-.^ J*ihe Structure-pf-lntellect 

fij;. , '* , v. v *M^^ptfe&^j&i i--botES"*eai»aiig- Sequence." Journal, of Research* , 

; „ ..:,*„.,. .;• v0^ccipW8^iC!&Mcj4^^ jl^t'l^i^ Research; Elementary 

\ , : V ~ . ' 4 .^u-^tiSttp^^^ta^/ici»di.' Science;, *Intelligettce. Factors; t 




es; Science Education 
Especially for I.S.E^by 



y \ study\was designed to investigate relationships among student's 
" T \ ^neSaT^IIlXX^ ^and s tuT^lt^Taeiiievment on a specific unit from a 

/nationally developed elementary science, curriculum project. In order to 
! 7 effectively fulfill this purpose, the researchers ha^to identify rele-" 
-iyant mental abilities and develop criterion measures for concept achieve- 
ment* ,The findings were then interpreted fbt their celeyance to future 



* curriculum- development projects andl-to classroom instruction* _ 

^ Rationales - * * - 

|V; V'\s_ v ' * The structure of the intellect model developed and descfib^d by * 

\fj / Guilford Jjx the book The, -Nature o f , Human . Intelligence (1967) " formed t|| 

**£^v basis for the mental, abilities assessed in this research study. This ^ 



model views intelligence in^ienns of 12ft specif ic Intellectual abilities. 



The presence* of abilities i ^hich; interact with specific educational tasks „ ^1 

? t / - v V£f£ ^ttJecJ^rjB^t ^^^^E^R^W^-Rf^^t achievement, Thus 1 the resfearchers _ 
< ''Chose,, to, study 17 No ;§biiity rel§tiiig, , 

to the, structure of iiiteiiect mental operation of. divergent production 



^as^clbsenif IStoJlatl^ .no, ab^ity relating to the stTOcture of intellect 
content^area of behavibirai was .chosen. All other categories of Guilford 's 
^del iWfe deemrf^^ appropriate Jor mental abilities utilized in the COPES; # 




f ffe^. ^Pfe^/M^f 8 -^y W' *• ?tf??P -Pretest- 



1 . •;>H ; ^'^ 




^7-;> 



- * ' *r; 

'iS^S^V'V^ , ^taught ;tte,,:CO^ to a total of 15,8 sixth- , 

^S'i^ ■ v \ ' !. m K " " .' ■ " * • „. .., 

ifc^V^v c^^^cTiilctreitt All student sco'res were originally combined for" data „ . k i1 

fe? : ^>V. . : . ;Siialy8es*. However, subsequent analyses were alrsb garbled out on boys 

^^i^;/ / ^ Vq93T§? :f"*d Si^is 1 scores separately* .The pretest and ttie post test wfere \^ 

\. t constructed l>y the,,researchers special for this study, "For these tests, . 

#:^T • . , . .curricula* validity was determined by judgment of a* panel of science ^ 

I^v i 4^/, * v^ucato.rs ?< . Reli^b^ity estimates were £omputed_as 0^63 for the pretest * * : 

" 7 ^'and : -.asx:0i77^f6r thejpbsttest,; •' * v ' . • 7/' -"^n? 

fi^-/r^~ . . The following structure*-ofrintellect variables were^. chosen for 

v stni<iy:^ . (1) cognition o£ semantic units, (2) cognition of semantic 
_ „clMses,^.(3)^cognitioti. of semantic _ implications.,_(4) . .cognition of ..f igural 
classes, (5) convergent production^ of semantic 'relations, (6) convergent 
production of semantic systems, (?) convergent production of 'symbolic 
systems, (8) convergent production of symbolic relations, (9) convergent 
. production of symbolic implications, (10) convergent production of 
, .figural transformations, (11). divergent production of^§emantic units, 
(12) divergent production of semantic transformations, (13) divergent "' 
prpductipji of semantic relations,- (14) divergent production of, figural 
systemsf, /and (15) evaluation of figural classes* All of these abilities 
have published tes;ts available with reported reliabilities ranging from 




. i 



0^41 to &92 ? f ^ . .. 1 ; \i l%fi 

\ - -..^5 #9 r s.tedy were, analyzed utilising stepwLse multiple 
regression procedures. The pretest score was. thef dependeritj variable^ 
l^i/ s ' # . Jill tli|%|her variables; wer^ratered iftto the. regression; ffluatipn 

' I U"^^^^ ^ jlKe. j^^T^ts. 'revealed 



student " • 



kj 4qur v menta^ lAyaL)j ^.r^icjteJ 

, |;achiey^^ was true fpf;'tKe;c^b»Ued sample, 

. _,the ^sM t£e,;sample o;f females.^ ^^^^^^^y^-^B^ four -. 





Sl^c^. vnS *; • '^•'»<tf^^tl^-f^5^li--of ^ data revealed that . convergent pro- , 
^M%"K.''f , ?.dUctive th&fcing. 16 the most Important type oyerallTfor tfce COPEiS?ltech- 
-iife **..'" ; ' : anicj&LE^ ' * ; 

^oficem^*with cpmtei^^ various^ kin4§ of content . u The . „ 

^B|sJ^u^ce, is st^c^^ all.; -activities converge on pie of * 

"^e.ira^ Thus the ciwricuium^ developers succeeded lit 



the^ ef^ a science cup:i|^^m that required- tMpking ? in ^ 

.i&fiijgLth thl^overall, project dbjecfciyes.J How,evet , tfie ; difference In 
'this outcomes for the rala^ap4 female ^ample indicates that, there aire 
. prdbably specific differences in abilities between the sexes." ThSse 
findings" indicate that it is possible to determine prerequisite mental 
abilities for success in the COPES curriculum. Guilford's structure of 
Intellect podel is also useful when deciding which type of mentaj '« , 
abilities are of importance.. Classroom teachers as well as future 
• curriculum developers may profit from this type of information. \ 



• - 



ABSTRACTOR'S ANALYSIS 



II. 



This, study Is one of the type, that is necessary in order to more 




fully analyze t the modern elementary scienpfe curriculum projects. .Teachers 
today iare faced #pk: ^psin% from di^e^sie projects|such =as ESS (Elementary ''.^ 

^Science Study^, SCli (Science C^i^ulum Improvement, Study) , S ^A (Science: v ^ 

A Frocks <AppTOach^ Program in^Elementary ; J ^ 

Science)^, and prpgrains . fflLl of, these pro £rams stress ^ ^ 

,^.\^iar^ia^OTDunts^^ and, istudent ac^yitXr^^lj^^oj^^is l\ > ^J| 

^ uteure df the/pr^ develop abilities that the^c^ticuiinn 1.^0 

v ' .dWeloper^ ment^. ^ abilities pr^requi- ^3^1; 

^ite tb : achiev^nent in^the .various, projects are . quite necessary. . - ;^ 

• a ri ^The; ¥t |je^|:^is th|£ is, xe'ad^y^under " ^ "^§?$J 

, ^b^se^^ ^th GttUfd'r^ ; o.f intell^t \ c ^ 




■ ^ 




^S^fe'^^^lT^-^ ^-^?4^^onal.". implications of the/st^^are limited somewhat by t 
te^^T ' ^ "iT.r fac^bkt no atteinpt was, mad e tq t examine the overalls teaching % > 
feSv^T:! ^ /> i k ^i^havior associate^ with the .instruction. It . was stated that six teachers 



P^V^ > * , ? ^ I^I^^ 8 ^ ?eaqh ; Ithe .tostw^ and that th^six teachers 

" ' ^were: pr^vid^: liiseisvice training by the, researcher when needed • It would 

-:>" * * * ''- v " *V : *v . \ 

' * ^.!^^? u l others ?tb know hov? familiar each of these teachers was with 

I^IA : ^ ^v* <" * thc^^PESi. material^ Also it> would be useful to know ihow long each- had , 

fSfe^- > n been, using COPES ,materials in, their classrooms/ Additionally; it, would* 

, . . be of Interest to other researchers whether a specific teacher's style 

fr^V* *, * determined, in effect, some of; the necessfties^ for specif ic mental abili~ 

IIS ' , 1 ties on the*part of their students* This could have been, ascertained by 



doing the data' analysis separately for each teacher • While the resulting 
sample sizes would have limited the interpretations of these analyses, 
_ evidence would have been obtained for considering or not considering all 
3 teachers as oife 4 ;group as wars done in the reported analysis; 

|gv^ , \ ^ The report also needed to include the total amount of instructional 

time, spent on the-COPES Mechanical Energy .sequence.^ While the COPES 
.^teacher's guides .specify 1 some general time limits, not alt r teachers 
follow these suggestions. Did all "stud ents^n^f^^ receive ''tHe same 
amount of instructional time on* the tasks during the sequence? 




The results of the study are interesting in many aspects.* Some 
science eduqators ccmsider the objective of elementary scienc^^^develop < *. 
divergent thinking to be jnost valuable;^ Ih^fact, m4ny,see a relationship 
between this^divergerit thinking ab il ity/an| ^ucat^nal success. Th$^*^ 
^stress that ^teachers, s^ most, of the time, stre^c^ 

^divergent thi^^ Pqi^g othewis^ 

. educationally unsound, leading, to student confom^ and^also to unihspir- 
ff$L^> ^ * ^ ^ingateacfcing-.: , The fact tHat t^ convergent production operations were * 

Similarly, the fact 

^ttet jiiYergOT transfoj^tions was the most itjpqr- 

Jt^t, p^dtitj&^b^^ ^jr^m^^^-vbl^e ■ it, was not eVen a; signlf leant predictor [ 




Some pf these 
means and stan~ 



l&WV - . dard^ deviations for, the total ,groiip, the males,, arii the females oh all^of 





then the .cognitive , functioning during the instruction was most important. 



^X'i* I? .they jf/ere npt simiiar, then one group may have had to utilise other 

s , ^^tSl abilities to be able to successfully achieve with the COPES 

"•'->■•::"-:;•. , X- ' • • \ ■ ■ . ."• . *: " & • •'" 

S' £ * » * 



_ Lastly, the rationale for, the use of Guilford's mo^el on intellect 
needs ,to^be^more fully explained. Was this study designed to further 
explore $he applicability of; 4J£s model?* Or was it designed to study 



* - student abilities prerequisite to success in the COPES curriculum? There 
are other student aptitudes that may £e just as useful when answering the 
second question. Student variables as cognitive styles, cognitive prefer- 
ences, or locals of control may be more useful. Some of these variables 
are also easier to measuri/ The testing time of four hours appears to 
limit the usefulness, in^many school settings. Further studies could thus. 
„ compare other constructs with the structure^ o^S^ntellect variables 
„ : measured to- see which are. more important to significantly predict success 
^infs.cienQe instruction using;, tfce COPES curriculum. * , v * *' 



a;- 



, The educational* task of assessing all the significant variables how- 
* S ever, may- still fpifer ^diminishing returns for the classroom teacher. 
Sciences is only one area -of the total elementary school curriculum. 
. Jpthet; subjects may need. other abilities. \ Assessment of pertinent strife- 
-ture of . intellect vdriables and the .construction of mental maps for each 



^ Studies^ot this are important, 'however, j when trying^ to explain 
^ the- relative ,ef fectiygness.p^f children in our nwdefn science programs„ 



' * Campbel^, D> T. and j./jf. ^ ) 

- / - - ^ ^ be^tgns. -fog: ^Research . Chicago:. Rand McNaLly College ^Publishingi?^ 

(^^f ord , J. P> The v :Nature; of Huiaan Intelligence. , New York? McGraw- 





f^pfl^-; % ' \ ' \ \ TEST CONSTRUCTION , ■' W^.^'^^ 
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Factor Analytic Investi- 



journal of Research dn *^ft 



ilfcscr^ v ' {V^ssj 

v \. J*Mbasiirement 4^t:ipu^ntt^ ^cleTOerEdueajkira; *Scientific 

E^mdedVabstract and analysis prepared especially for I.§.E.,by Rodney >. 



/ti^mde^/ahstxact and ^ anklysiK prepared especially fo > 



ft*;' 



The purpose of this study was to investigate the empirical validity of 
Meyer V Test of Interests (MTI) . No hypotheses were stated, although the 
in.tent was to explore the quantitative relationships among the major 



fifew construct variables. of the MTI. 



.Rationale .^;,, * c i-^- ^. — ^. . . y ' r . 5. > t ^ 



. Wfeyjer (1970) developed and establish^ ?v f ace validity for the Jtp. The 
MTI has subsequently been used with several English and Israeli populations^ 



TOe/j^fe o£ the. Meyer, test is a "science-orient ation" score, which 



* x44 v >^^^ e 4 to provide an:. byerall l^^ure of a student's leaninjg toward 



m as tlie aggregate of three 




1 J^j, 




H^SIt' * --V-r vfe^li^Sfetek^and' "Procedure* ■ . «**,.. : 3 •- ;.> . "'" „..'.-..- • ' '" 



The. research; procedure followed vras primarily a factor analytic exami->. 

£fv-t ' natioii of MTL data collected .previously in Israel '(Ben^Zvi, et al . t 

cfanjedi €tf jtifeein^et jj&f. 4^^)f^'^i^«^.(|^r J .;^70)V: |Ke v 



5 * * • 



variables analyzed were sub-?scale scores from the MTI for both samples. <\' : yS 
The Israeli, sample was 380. tenth-grade students and the English groyp> 
tfas 680 G. C. E. 0=J.evel students. The reader was referred to the ? t \ \';$J& 

original studies for detailed descriptions .of vthe/ssm^les.. 



- 3 



From the- Meyer article, it appears that the English sample was composed. ' . — " 



of .students in the "experimental" Nuffield curriculum^"at the end of the 
fifth form of secondary school (approximately grade 11 or 12 in the 
United States)." These ^students were selected from "all schools able toV 
cooperate from a list provided byvthe Nuffield Science Teaching Project." 

/The s#x /distribution was ,not equal with 470 boys and 210 girls. The* 
Israeli Sample, as described by Hof stein, ' et al M "involved 410 ten.th- 

fgrade students from seven Israeli high schools in different parts ef' the 



> ^4 



country.*' T}ie ^ selection. i)f ^schools was ^ixhdertalcraTff su^h a way as" to 
- y ensure an adequate^d|stribution of subjects aqcording toi their socio- 

ecopoMc /origin.. All students had, during tiieir Rrevioxp ^ educatiofcal 



?w . - * / career, followed a^unifofm curriculum cburorising the cpnyentipnal - -^i 

•* .'i i . 1 - ' «• » v 'f-:;"' '^^-^-t - -r— 7i j jj'lV-^^" fcii' 1.1^^ xtpT * 

- . . . , cne iaraeu scuaems compiecea. two .bu<iuuciiu xulcixxs^uuc vww -ouu ^ -^'"^ 



/ M tfe fsraeli jstudenta, i»|^ljet^-^q s tandard intelligence test^afid two 

" ^U v '^^ftllfiaKlc 'a^^%^iMn^'£^%82 ^^^93?#4 f 9 r \? r i8^SS^ ? study. 
/^ ^ ifrl when raM^^^^'^^sUsh isam^ie 

„;were calculated,. .bti,t ^iw^tftliftrs .l&ted'.tiie reiiaiili^l^ajprfche three- , ..^J£M 



.^li^K^ * / ,/^-' f /^: : / ' - 1 



totere^tWin^^^attitudM .toward various, aspects pf /science in their 

^ ^ school^. J-njidWti^ 

' ^"V>^^ s - i:_ 'ioA- --^i-^^ ^^--^ : '"' This :t|sti "an ass,ess*; ( ;^' * 



'^ S 1V^- made .ofrlinterests^iit nonf scientific, subjects, ^ This t|st.; 
A m^t si^bis^bation jtri^scd^ntific' ^etifead^ 1 ^ irasisjted 1 

\*;/^-/|^| 





'The 'weightings 



m^ : '^^ " W ^I'rWtepest^, Afrperpent 

WiZ&^i *^' t --' a, .* < * 'Tanking > . 28 percent 

^^,'^>^r«^ - • /T^T/Attitude --28 percent 



Stf * - • 

■v t\ > _ 



Injadditiqn, .the "Interest in Science" variable was composed of the 
following three sufc^variablUs: - ■ . \ % * \ - * "* 



1. Iriterest in a scientific hobby or leisure activity^ 

2't Interest in solving problems in science by .practical 

activity in contrast -to 'appeal ^to authority; that is 
»* *• \ 

interest in- science as .a method of solving problems.. 

3* .Interest Iji scfence as a body of facts. 



■ 



Further, ^the last' subvariable is ?Hrther. divided into interest in Various 
areas" of scientific, content: physicsT^iology/ chemistry, astronoigr 3 
geology > and history of ^;s«iience.\ ~ . ' 



in addition, tlie MTI ga # thfered student responses as, to theiif ."Favored | 
rSburces of Scientilfcd Information" (teachers r expert or book)' and - 
.^'Interest la Non-S^eiiS® ^f^?^* Activities", (literature or art). ^ 



'I*- > s 



||f;Y= ^ were ret^ne^ (described above) , ,> 

Wf\' -.f " ' ' *• '^ere-no't^inc^d&it itt^ifie: i'actoi?' -aiaalysis .since- they are obtained by , V 
?r /^4^An tfuKo^A-roci oti fliA- Mpvat f-est and hence do riot represent 



!. ? " , l^e authors of this article s.^mitjted the intefvariabie. ^ 
\ ^ ,f ^^^^B^^twp;^ to factor analysip> "using; the cutstpjnary 

%%&f*>>, procedure : ^rtocip^ co^ is followed . by* a Varii^aK ^ ^ 

4^ equal to or greater than prie 




hence do riot represent 



& *\ - , » it* ^> ^ » r Ss^i 






■""■'^ 

'iy&l • coexxxcxencs., ..xnaxyxauax .vanaD4.es were juagea tu uc ax^ixixuouL ?• 

tributors to a, .factor; ii th^ loading coefficient was greater than * 0.3j^^ -i| 

fcL . The firs,t^notice^le,,difference between the two sets of data was] the - : 

nuiiiber of. factors obtained: four for the English sample and five for * • 

* - V V • ' /' V'."' '-:* x \ ^ * - .* > . - 

the Israeli. 'However, the fifth factor was composed of significant t * # A \| 



• Ihe findings of this study were sunnnarized in a table of factor leading 
:tp^i££cientsi r ^ were judged to be significant cori- 



• contributions only frpm £he four additional cognitive, tests administered 
tt> the Israeli students. None, of the MTI valuables loaded significantly 
7^ #fll . ^on this* factor. . ^ 

* ** ■ « 

^ Factor one from both s^mpl^es "links together fouy of the inain variables 

of the Meyer instrument: interest in science as, a leisure .activity (Si) 
.and as a problemr-solving method (S2), Scientifi^thiiiking. and attitude 
~* (T2)» and attitude -io^chdei spience teaching (S ; 3>; n Additionally, ' 

fact^ several 1S3 subvariabie^.; -With, the ^ ... 

^ Israeli sample, Factor I included Interest in Science' as a set of X 
; , facts ^ chemistr^v while, the English s ample had loadings from the biology, 
chemistry and physics S3 stxb'-variables. The percentage of variance , 
. plained by Factor £ jin .the Israeli anjl English aampl^ .respectively 
, / was IIY^ ■ ; " ' - rf 



•4 



...Factor, I3i v f^ coa©osS&^if Ijttd^^from alC.tfee.- 

S3^^^yari^ies :/ .p^s^^y^S^txy^? Wqlogy , ; ^ 

history ^ .of r spience> f ^e^E^^V^^^le. had si^f leant epntribu^ions op 
^^this, second^ ^ asftcorio^ geolp^ and Mstpry 




J^; - - 
if 3 *' > 



the,if6urth factor witfcl>d ( th sanples wa^fcoinppsed of significant loadings^ 
, „ from the same vapLeblea^ the, f ^y^^3\ ^Ece of scientific information - 
* . teacher^ ei^ert an&\book. this, factp^ and 12.5 

percent, respectively., to the total variance of the data with the^Israeli 



Interpretations 



Or* ^ 



* - - „ ' * v 

*Duft to the , separate loadings of the cognitive variables used with the - 
Jsraeli sample, 0 the authqrs claimed that "the essential independence of. 
the cognitive and the affective variables is demonstrated." They claimed 
that this independence .of the interest and attitude variables with the 

•student's cognitive abilities and achievejnent. is in a'greeinegit with o£her 

... * **** 

findings. l* f 



From the results obtained with both; sets of data, general ^correspondence 
Jl/ t ? ._..>, ^ wa? .observed; in Jg^gtita Xo , tliej^ou^ MH factors,* - Factor^ I, a . ^neral^ ^ 
^ sfcience interest/attitude factor linked together Jour of the main varidbJLes 
" * of the MTI, "The £ommunality»« in terms of the factor analysis,. o£ these- 
four variables suggests "that isu<the psychological sense they are essentially 
'unidimensional,' i.e; that they ray Ae reduced td a single- underlying 



construct which, on the^basia of: the present evidence, . does not allow for 
^ ~ . a „dif f.er^tiatdon ^ v 



^x'f^ 1 ' * **** 



The authors alsa ^hcludW- that this finding "supports the validity of the 
!' 4 ^Vprdngjproce^^ science •ortenta^ 

/ ^.t|on^(^.Q.^ Hhear, coi^f nation of scores- qn .the science *; : 

^f>^/%V/'^^- ikterest and attitude^Va^ *Y the ; 

; ^^iTttlarity/o^ the riesulJ^s. Witfefdata, froinVtwo separate saanples. 

l^C - Interest ,„in science. Itis, ^S(mce v o| factual fnfgrMt^on (related to biology, * 

&S$~*Tc ^^i|aii^J^v|9i^4;#tr^|9iJ» * while tfe^; ^re^U't btpiem -Factor? I ';v;'-.rS'| 

^i^?S^8*<??«» «, v ;This rartespojajds ,^.th ^separation -for;, 




v. Sf^ 



fe^r 1 / * .. ".toltKeKtraditionai. discipiines tau^^ j while astrctoogy,. .geology, and ~ 



?#f . . , *=,',. ^ history of science are treated, as extrarctirricular subjects. In Israel, 
<||Vf|f J mo^ begitt isjtu^ science* courses at grade 10 , 



.firtfifag <S£ "no .strbng ^sdcfation of 1 general science interest and 
J/; :V/ - attitudes particular science subjects" for the Israeli students 

^.O'*. . , / The atjthbi- _~ _ 

jg^ . * ■ * v. ' * * - > * . • t ' „ -jt „-.t~-„ ...Wa^ 4 ,^^ nku^ . 

J j* ** »<v f , ; *- ™ "* >^»*»yj 



The ai|thbrs concluded that 

the Independence pf *at least some of the science subject" variables 
- : of the r gener^ revealed by 

both sets of facto^ in science as 

a source- of information, cannojt tfe considered a genuine component 



of the overall Science orientation variable, except perhaps where 
such interest' relates to science subjects actually .studied by 
' *• students aft school levels - . # # v 

^ Although these "non-curricxilar" science variables do not contribute to 
, f ^- : the -S-gCL- variable directly, they appear fairly "neutral." According to 

„ the iauthors, -.this would not distort .the meaning v of the S.O* scores -by ^ v 
" their iricorpbrat:ion* ^ • ^- 



-^V. . The. loadings w^ffh respect, to Factoi?III and IV were^ nearly identical^ 1 , ^ 
;.^^^Pc l s^les . ''Th^e Hunimities ,f a^^ (III) ' appeared- tM : to be a mild ' , 
i^irliterat^ variable 1 ! and "interest In bip^glcid^md history- 
<of rspience 4^61^ t^ t0 ?* 
^ ^ v. Jfeyfer, 1 s ^unrotion underlying r . the design of his test - ,? that consulting t; 

jb A « M t^. M ' M ' tiM-4r 'ikAXVoVs-rb a o^nii-f tip nrmsM An rip' alterriative to 





%0 ' : ; . k . / ^ ' Ife^appears that ,the;lCTI{ tod^|ts- jg^^^J^ft ' considerabie? Internal - 

V ' The very si]^ ^enhances ; N 

Vrl'^/^. C ^Vthis: view.*, Vffowever, a f actor-'ana«tic study of a/ test cannot provide 
fpCl 1 V'*^^ The question as to what extent "-^M 

l^r; ^ the^HT^ common constructs 



ABSTRACTOR'S. ANALYSIS . * • ib [/ . ' t '-^#t 

This study was a xe-exandnation of data, "some previously gathered. 



4 



i )f ** 



•-4, Therefore, the review of literature was very limited. Considering the 
V ]N difficulty in. conceptualizing and measuring student interest in science, 
Jbrief "mentip^ of the few! \b£her related stuctLes may, have been helpful. _ 
* The Reed -Science Activity Inventory (Cooley^d Reed, 1961) arid its modi-, v ^ * 
x \fication, the Science Activities Checklist ( Skinner ,*and Barcikowski, 1913} 

and the -Semantic Differential* Inter^t Test (But zow, -1974)" are examples. / * t * 

This stu^ <dnpKasized an in-depth, empirical analysis of the instruments 



we use to assess, important Variables in science education^ The use of 
v t m the analysis prpcedure v s and cHteria (eigenvalue aad facfeor loading) ,was 
^ n cottect if one. is justified in iising data from eight^Likert items as a 
^\ ? ,/ variable in; parametric analysesv The number- anpL kind of items was. not \ ^ 
/ desctib^d in^this article v <:for this^infooiation, means of vari^blea and- ; 
% d^acrifetipns pi the.s^^ referred to the earlier 

reports. It. would\ sjeem ipom- cotiiS have been^made for a brief descrip- . *, ; 



fi&tV^s > "ltioaiof;:th^iiH^ 



- " S . * I \ .ra^^^^alyze^n^this: -s tudy weriB f rbm two sainples r^iie in -England 



^1976)^the_,6 ; 'While such) diye^genQe ;in years might 

,see^ §9 simijar seems t§ 

minimize, qne^s/c^cej^v^ l^^relii&iiity estimkfces with th^ Israeli 
-sanple o£ 0 ! J'^ " ^fll? 

. • ' ' ^with 'tfieiflStlier repbrt^feliir^a.'let, all, 19.^) wKlcfc.Jiiiy listed the' 
ff£L . KTIr reMibiiity -as. 6.|5.v : SinceL thelSasic article also had a reordering 




tl^^ontem stiQuld ^be jta shew- reU^llity es timates 'f or the variables v ' ' ^ 



- t 1 



S^^X.'^ '^-^V^'Hi" <?Av^^* ;> 

ip£ - ! 1;? rj> ^cfaMge£ Juring revisions While the nu^^rs ^re.^r. very consistent 

* X * . * ~v»~,.i ,3 eVi/vu; ^nH 14 +v ocH mat-os for* fhe variable! 



X N ; ;-^e4fi£"the analysis . . • • *> , *. m 




;A ; ;ty^p^raphical error on the last line of p# 65 (S3 should have bSeiT 
T3> was not a major distraction • The data in Table t l.were much too 
voltMinqxiS, to use - indeed the factor loading in Table. II presented 
feV r > /• ./^^'^^^tlpattems-.aad relationships. The lack of^analysis due to' 
sex, differences is puzzling, especially as it^was used by Meyer (1970); 
and Kempa and Dube (1974) on Mil data, ! . 

■ . ... . • • A . 

The major comment^are about the conclusions related to the uni- 
dimensionality or 'multi-dimensionality of science interests. At best, 
> . a single study can contribute to the evidence being collected in those 

issues - not settle, the issue. Data collected with the Reed Science ^ 
Activity Inventory and its modifications have been interpreted as 
consistent with the multi-dimensionality of science interest. Interest- 
^ r ' '^4ngly,^t*e^data/.they, used were aiteo f.actqr ^pat.teri^coef ficlents »m in 
this study. - In' both studies, the responses were' loaded .oir several 
factors. Cboley and Reed interpreted this as evidence for Several 
dimensions, of .science interest, while^Hof stein, ^t al . , 4 discuss . the 
'\ as^inrovi^^g; measures of sevlcial facets of interest, in science. . , 

% - th^ Hofsteih, ^t > stiidy f ot^d^^dence^o^ the int^p^st^uqture^of 

, the- MEL -.generally consistent pith that, d%crt^ed;l)y 'Mey^ (1970) The ^vVS! 

first, factor (with,, b s^pjLfes) included ;* \'£ 

. ^adiigs f £om the. inteiresi .and the Attitude yariab&s,; Ipronpting the? ' •,; 
-- COTclu^ioni that'^ ' u ? i "* ' 
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.^^sioria^J ^ ; ,^^ diete^ne^ ^ _ ^| 

Another lar^a^or^ dependence independence ^t/^ 

: , , -ofe cognitive-^id Effective/ traits," The data^from the Israeli. sai^ie%|a;; : -^^^ 
V if^r;^ a^ isepar§te factor. This r: f^inp ted s the 





/ ^exaadnfedf^^e dependehoe of students 1 behavior pn their academic achieve- 
aent*" This WM^cohsidered iiriport^i in. view 

invthe r^earch literature (Evans 3t that interest traits and academic 
,.a^^ Kempa and Dube" felt that * 

^^thoughHhe correlations 'trend, to be low* their exfstenc^must be 
. actajiowledged and aUp^d Joy in the inter^retatipn of affective measures, 
^Agpar^tly :> .weak empirical, results can, be interpreteckin different ways. 
~tt7^pears^ery-clear that more and cleaner research, in education is 
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u£cessary.,b>fbre sweeping generalizations, are claimed. 



As recognized"by Hofstein, et al., "a factor-analytical study of a, test 
cannot provide evidence of its validity as* a measure." It is in this 
regard that theoretical as well as empirical emphasis is needed. * A care- 
ful ^analysis of *the affective domain is essential to det'eraii^pniquely 
what "interests 11 are. The editor of the Affective Taxonomy suggested 
that interest related to" the first three levels - Receiving,, Responding 
. and Valuing. Campbell (1972) ^^d these three levels 7 in constructing a 
Scientific Curiosity Inventory.. Butzotf (1974) attemptedto construct an 
-Interest Scale utilizing a semantic differential format. These 1 and other, 
sources in psychological ,and educational literature need to be examined 
by .all interested, in assessing., student interestyin science. 1 
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It. is the hope of this reviewer that work suck as that deiscribed by 
<Hpf steiBT - et al. » and bthers continues, in an ^ef fort to assess thpse most 
\eptep?j^ut inpo^fMt aspects; ot pur science programs. / ^ 
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